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ABSTRACT . ' . - . . . - 

1 This publication presents a six-year propect- 
(1972-78) funded by the National Science Foundation^^nder the 
Undergraduate Pre- service TeachejtvEducation Program (UPSTEP) • The 
first three years of the project (Phase. I) were concerned with a 
longitudinal stntj of a pilot group of prospective elementary * 
teachers as they encountered science con-^nt and science teaching 
methodology, coupled with earl* and contarnued, field teaching 
experiences! The last three ^^^rs of the project (Phase II) were 
concerned with the continued implementation and dissemination of the 
goals of the project. This document , consists of two . sections. The 
first, section is concerned with Phase I.' The objectives,, description, 
and" evaluation of the program a^e present^ed. Exemplar qPSTEP project 
units in biology and physics are also presented. The second section 
is concerned with Phase II. A description of the testing instruments 
and inquiry evaluations are presented. Several appendices including-^ 
the project instruments are also included. (HM) 
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PREFACE - - V . 

^aChis ±>rochure is a capsulation, of -a six year project (1972-78) 

/ ■ • ■ ' 

entitled "An Integrated App^Sach to the Science Preparation of Prospec- 
:::^ve Elementary School Teachers." This project was fjinded by the 

Na^onal Science Fovmdation under „the Undergraduate Pre-Service Teacher 

/ , ^ ' . > ^ ' 

Edjucatibn Program (UPSTEP)\ The first three yearis of n:he project ^ 

(Phase iS^wite concerned with a longitudinal study of a pilot group of 

prospective elementary teachers as they encountered science content 

" ■ ■ . 

and science teaching methodology ^ couplec^ with early and continued field 
teaching experiences, ' - 



' The l^lstVthree years of the project (Phasi II - 1975-78) was con- 
cemed with the continued iinplementation cuid dissemination of the goals 
of the project. In this interim; the Isroject participants were In^ralved 
xn their senior-level^ student teaching experiences" aii^^heir post- 
college teaching assignments. During this inter^/^j:.^ a conceirted effort 
was directed to the transla^on idf -the goals of the project by the 

■ ■ ■ ■ '• \ . . V 

partiTcipants into inquiry- learning s:^taia€ions for Jand with children. 

' \ , - 



Why UPSTEP? ' • " . "\ 

In 1955 the National Science Foundation w§s advised, " -* . the most urgent 
need, in the area of education in the sciences is help for the teacheys of 
today • I' The teachers were eager; a few 'Summer institutes" had been 
Successful, and the funds were limited. So in-service education was ♦ 
emphasized* Catalytic effects were expected: One of the pripiary goals 
listed for tfie. Academic Year' Institutes in 1957 was "to encourage effort 
on the part of Ame.rican universities and colleges to .develop and of fer 'as 
part of their regular programs more effective plans for training in-service 
and potential science teachers." ' " ' . 

:^t happened - rarelyi^ Ten years later, many new teachers still had never 
seen the/equipment used in teaching Science - A Process Approach or PSSC. 
It began to appear that "in-service" training was becoming another part * 
of the training needed by all teachers of school-level scienceo* 

Perceptive observers asked whether abetter initial prepar action (pre-service) 

might in the long ruwbe much less expensive. - The observeps also began 

to list the additions and deletions needed to improve science teacher ^ 

preparations » - - , 

*■■ . * • 

Additions ; , - , 

1. A special^ kind of .recruiting th^u-^^trti'ld start prospective secondary 
teachers as freshmen. ^ * 

EleWnta^y teaching studenTis and science- student? select their majors 
as freshmen Wouldn't early recruiting be of equal benefit to "secondary 
science" majors? " - a 

2. ^ Bring critic teachers (supervising teachers) into the teagher educat^ion 
program as f ul ^^.collaborators , for their contributions and influence are 
usual ly^reat^ 'fcfian that of any college f aculty^^ipember . 

3. - Take stpeps to assure that teachers are able to .handle "net5^" ^cience 
courses necfessary in their discipline^ or at their teaching level .i;^^ 

4. Change college level science coursfeir^'and curricula for pre-se^ice 
teachers to bring the courses up to date and to increase their effectiveness- 

< 

3. Arrange programs so that prospective teachers will have early 
responsibility experience in classroom teaching. ^ . 

Deletions : ^ ? . '^l t " • 

1. . Avoid the sharp, cutoff of contact between newly-graduated teacher - . 
and college faculty. The~ faculty especjlally can benefit by keeping in 
touch with the real worli.- 



2. * Avoid the separation of. teacher training from science ♦ The teacher is 
one person. Tfte training should be based on one general phjLlosophy. 

The National Science Foundation listed these topics in its announcement 
' of the Pre-Service Teacher Education Program^in 1969„ 'rhe Program, 
jpromptly 'dubbed "UPSTEP", has ^ since received over 200 proposals and 
^hais a,upported 28 projects. 

Proposals leaned heavily toward doing the faculty's regular thing: 
.changing courses and curricula. V , w . 

•With the decline in school attendance, demand for teachers dropped ^ and 
so did all reference to recruiting' prospective teachers. 

Critic teachers were part of many projects. - but afiter the projects ended, 
only a few teacher^ retained their positions with the college *or university 
teacher training program. ' .1 n,^ ^ ^ 

The projects >^at succeeded have sT:iown the value of some of the ideas: 

Early responsible teaching experience has been valuable wherever-dTf^w^ 
tried. Even for those xdio dropped out of the program - averaging 5% tc^-l--^ 
10% - the "selection out" of teacher -training saves one to three years of 
^college work. More importantly, early teaching reinforces U:he decisiaT?.^^^-'^ 
for most pre-service teachers. Another benefit is that th^re is increased 
contact between school and university faculties - and prospective teachers 
enhance., that communication by carrying requests from the school and by 
borrowing equipment, and materials and by bringing up-to-date infomation* 
from the college. , / 

Changing courses and curricula » the faculty pastime^- may turn out to be 
highly valuable if new kinds of teaching are being tried, rather than the 
usual changes in subject iti^tter. The most effective approach developed 
with UP§TEP support might3e called basic science process. I^^s 'an' 
"inquiry" program that deals with- science knowledge by askin:g/ J^y do 
we believe . # how do we know . • and what is the evidrfJice?" - 
Mathematical reasoning is mastered through its use where ^propriate in 
answering the question. The course is designed so that^students are 
challenged at thj^ir. owoi academic and Piagetian intellectual levels .(^ 

■ ' ■ i ' . 

One of the least/ expected revelations of the work of designing this^ course 
is this finding: When attempting new science instructional units (from 
SCIS, for example) the responses of college juniors who aise -prospective 
elementary teachers does riot differ from the response of lO-year old 
students. Thus, it . is clear that one doe^^^ot learn s-cience process by 
being told about it or by reading about -itTXThe beginner/in science^ ^ 
inquiry starts at the beginning, regarSies-e^crf his or her age. 

The mos^t tangible change resulting from UPSTEP grants in several institu- 
tions is a science teaching resource center. There are several^ varieties, 
but all contain equipment from several different courses and curricula. 
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that pre-service and in-servxx:e teachers may borrow. Faculty members usd 
the ma-terials fqr demonstrations, or the center maybe Xised^for classes. 
And of course, graduate students make use of the resources that are assembled 
in on^ place^ The Center is best when it becomes a. meeting place of pre- 

^ice and in-selrvice. teachers and all the other educational^ professionals* 
Frequently, we find it serves the further purpose of providing the cotimion 
ground ne^eded to bring science matihepat ics and education faculties together*^ 



The principal acheivemen^t of UPSTEP has been to . demons ttate the value of 
a few puDgrams that have succeeded in the preparation of teachers more 
_ competent than the new graduates of a decade ago. 

The principal challenge UPSTEP -now faces- is to foster widespread adoption 
of the injxovative approaches ^t hat worked so well for their/ authors© We 
. have therefore snif ted gears ,and will be testing sqmf^- adoption mechanisms 
^— along with a C9nt3^uing s^rch for new and better ways of teaching science 
teachers. 




\ 



Donald Co McGuire , Project Manager 
Experimental Projects a^nd Developing 

Programs Group 
National Science |!*quTxdation 
Washington, D. C. 



Academic year 1975-76 is Purdue's fourth year in UPSTEP. " ^ ' 
T^e students who started ij^ the Fall semester, 1972 are now student 
/teachers • Preliminary results of extensive evaluation studies 
provide substantial evidence of UPSTEP 'S influence on their 
perfdVmance in the classroom. It seems clear that at Purdue we 
are demonstrating the efficacy of two fundamenC^al precepts: 
prospective elementary teachers can and. do learn t6 "do" science 
and by so doing are able to lead, children through the same kind of 
inquiry-ox; lent ed encounters . » 

The necessary ingredients are easy enough to list; they are 
harder to realize, 

' 1. 'College science faculties must be willing to forsake some 
topic coverage in favor of science inquiry as a worthy 
goal. . 

2. "Knowing the style of cognitive development of the learner 

xs an essential diagnostic datum in arranging for his or 
Her science experiences, 

3. Science educators responsible for tiie formal pedagogical 
components of such a program must work closely with 

^ colleagues who teach the science courses. ' " 

^4. Extensive and carefully structured field experience 
in which the students can practice teaching is an 
extremely valuable component. 

All of these ingredients require commitment: A cbmmxtraent of 
time ,""n5£^ .resources , and of ene^y. yTheir application necessitates a 
much greater than typical commitment to an undergraduate instructional 
program than many univers>t:ies expect to make,' There are no' easy 
or cheap means of providing a high quality program in teacher 
education. n. 

UPSTEP is demonstrating how to make, a quantum iimprovement in the' 
quality of certified teachers.^ It remains for the /educational 
community and' the citizenry to insist on its widespread implementation* 



/fa. 
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Teacher crd:iniiig has always been a ^^ntplex undertaking* . No other 
profession is as, well known to so matiy a^nd understood by so few. 

The 'union x>f' content acquxsition plus the trails lation of this into 
appropriate teaching lessons augmented by f^L^j^d teaching experience 
has been a persistent problem iil teacher preparation* 

^ Through the cooperation of the Nationax Science Foundation <ri 
(UPSTEP), a trichotomous approach to the improvement of the under-' 
graduate preparation of elementary teachers science was undertaken ( 
^t Purtjue^ University. This approach integj^^^^^ science content to ^ 
continued methodology to early and continue^ field experience. Through 
this model teacher education program, P^^^p^^^ive elementary teachers 
were' taught science through inquiry* ^^^^i^^^^^^ methodology wffS « 
-constantly tied to previously acquired ^^iettce content and trans latQ4 
into viable teaching lessons. Teaching ^^erience, over a four year 
period, was gained throxigh practice and ^^x^ct involvement with 
el.ementai:ry children. ^ ^ , 

Evidence gathered during the f irs^ ^^^e years of the UPSTEP 
project strongly suggest that this appi^^^ch provides a unified, 
hximanistic approach to the preparatiori of perspective elementary 
teachers. The UPSTEP model for teacher preparation has broad, 
implication for the impa;;ovement of teacher education at: Purdue 
University and other ins^tutions ^.nvolved teacher education who 
wish to examine this model. < w " 
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PURDUE UNIVERSITY UNDERGRADUATE PRE-SERVICE 
" TEACHER EDUCATION PROGRAM (UPSTEP) 

Wha,t Instigated the Purdue UPSTEP Project? ■ ' 

At Purdue University, as part of the undergraduate curriculum, 

prospective elementary teachers are required to 'take fifteen hours *of 

science* This involves three mandated science courses (Biologys^5t5^ 

Biology 206, and Physics 210) and two elected science courses* The 

most popular elected science courses by prospective elementary teachers 

are meterology, astro^nomy, physical' geology, and historical geology.* ^ 

, Rarely do pi^spective Telementary teachers choose to engage in another 

physics • course or add a course from the clj,emistry area. '^'^ is traditional 

approach to fulfilling the science requirement is then - by an 

elementary science methods course given in the senio^^year prior to. 

student teaching. 

This approach has some serious shortcomings. They are as follows: 

• This approach to the science preparation of prospective 
elementary teachers was fragmented. In many cases it was ^ 
irrelevant to either the discipline or the teaching of science 
in the elementary school. For many students- this resulted in 
nothirig more than memorization of the nvlSutia of science. The 
five courses in science did not "hang together," for no story 
line bonded these disciplines. The students exited with a 
"disjointed view df what science is. Freshman elementary edute;a- 
" tion majors can be characterized as having a strong negative \ - 
attitude toward, science when they v^^rr-ive at the university. \ 
The range of disaffection runs from boredomNmd dislike to " » 
apprehension and fear. Unfortunately, exposure to college 
level science courses did nothing to improvfe this attitude « 
In fact,„..^e negative 'attitude was often reinforced. 

' ^ ^^Prospective elementary teachers are introduced too late 
to elementary method courses (usually in ^h^r junior and 
senior year). ^ \ 




EKLC 



And, prospective elementary teachers in most cases, have 
little, if any, direct contact with chilcJre^ti Many prospective 
elementary teachers approach student teaclri^g with fear and 
trepidation. , ^ 
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Prospective elementary teachers exposed to the spirit and intent 
of the national elementary science curriculum projects, such as Science - 
A Process Approach (S^APA)^^^^' ^ScTeh<:e Improvement Study (SCIS), 

and Elementary Science Stujy (ESS) Vavc changed from skeptics of acience 
instruction for elementary school ythildren into believers of science 
"instruction for elementary school! children^ ^The naturalness of instruc- 
tion in the processes of science (S-APA), the structure and order of the 
process plus content^ (SCIS) , and the creativeness of the Elementary 
Science Study, units ma^fe science palatable for prospective elementary 
•teachers. Science thus presented in the science method's course was 
reported by students as i"fiteres ting , relevant , and thoroughly enjoyable,' 
The intrinsic power of inquiry , was. stron^y evidenced^ And, ^indeed, there 
was a joy in the realization of one's ability to pursue an investigation, 
gather: data, - control variables, and conclude something based on one s 
confidence in one 's^ observations • : Students wondered why they were not 
able to garner this same set of experiences from the required college- 
level science courses.* 

Through the cooperation of the National Science ^Foundation a pilot 

,^ 

Undergraduate Pre-Service Teacher Education program wa^ initiated. The 
pilot program is to culminate in a' model program for the preparation of 
elementary teachers at Purdue University. Subsequently, it is planned 
"Tihat this program .could be offered as a model •for ^possible adoption by ^ 
other teacher tra'ining institutions.^ ^ 
Objectives of the Project 

The PuLTdue University UPSTEP project has as its major objective: 

To institut:e a pilot program in the undergraduate preparation in 
science for elementary teachers leading to the development of a six- 
semester integrated science-methodology course coupled with early and 



continued elementary school teaching experience. . - - 

Additit>nal objectives- are : n ^ 

- To identify aVronceptual framework for the integration of basic 

« * . \ , " ' — ' ■' •. • * 

scj.ence around' the tneme ^"Man and IJis Environinen€»" 

Tq select content according to the following criteria: ."-^ 

: * - a. the facilitation of intellectual development by the students' 

. - . b,^ the .intellectual power or significance of the>concept; 

• ' > - \. > ' • - 

. * ' ** ^ 

c« "the probability ofc; the material being include in an 

« elementary^ science program; . ,^2-1^ 

- . . ■ ■ . .. . • . ■ ^''^ 

d, .the social significance and relevance of the material* to 

' • ' ' • . - ■ : , .. . ' •■ ' - . - 

-the students taking the course* , _ . - 

*■ ft' ■ ■ 

To provide experiences for prospective elementary teachers consistent 
with the nature of scientific inquiry , resulting in an understanding 
the processes of science as demonstrated by performances in relation to 
carefully structured behavioral objectives. 

To increase the number of undergraduates in elementary education who 
elect to acquire an endorsement in elementary science education. 

To determine if teacher attitude toward , the teachjing of science is 
affected' by an integrated approach to science instruction ^t the under** 
graduate level. * ' ■ j^^^ 
Program Description . ' " ^ . ^ ^ 

The Purdue University UPSTEP project- was initiated in the fall, 1972, 
involving 63 freshman students. These students were randomly selected 
from a larger group of students, all of whom expressed some interest in 
an eleraientary education major. . . ' 

To rectify some of the shortcomings of the fragmented apprcjach to 
* the;. undergraduate science preparation of prospective Elementary teachers, 
it was decided that the elementary science methods -course jrou Id be offered 



first and the subsequent five science courses would be presented through 

an integrated science approach. The major them^ or story line that ^ 

pervaded throughout these five courses was '|f4an and His 'Envirorunent" as 

related, to "Survival in the face of Change," The first course in the 

f ive^eojiirse sci^ce. -sequence presented units designed to lead the students 

through ^ explorati^^^invention^ and discovery toward an unders tanding 

S5f ^he concept of ,a population and the forjnulation of a tnodiei of population 

^rowt:h« - This topic was followed by a unit designed to. guide the students 
^ , , / ' ^ > ^ • * , ■ - 

-through inquiry to the- invent ion. of -the Mendelian mocjel of ^he gene; This 

study led subsequently . tq their recognition o"f sources of ^genetic variation 

(mutation, recombination) -and bf the concept pf genes in populations. 

Finally^ ,a population was followed through^^'^ev-^al generations and 

evidences fSr^qliir^ibria or shifts in gene frequencies were observed. 

Involvement \ri^iiN|;he students in their first: course demonstrated 

conclusively that \inq^iry into the, simplest concepts of science proved 

to be a rigorous^ task. Although the s'tudents were enthusiastic about 

^^the course and^^r^^S^iaed the ^portance 'of being taught . science through 

, most students experienced g^reat difficulty in generating original 

ideas' from their own experiences. Particularly revealing were the early ^ 

, results of Piagetian task analysi'S whiph revealed that approximately fifty' 

percent? of the students in both the experimental and the control group 

were at the concrete^ stage of intellectual development and ano the A twenty 

five percent were in the midst of transition to formal thought. It is no.t 

the discipline that determines what should be taught, but r^lher where ^ 

the students are intellectually. Recognizing this, it was realized that 

many of the -iiiq>ortant concepts of. science are too"~aLs tract fox meaningful 

inquiry. In fact, materials^ from the elementary science projects often . 



- provide~excelient exainples of appropriate inquiry activities for prospec- 
tiv« elementary teachers* " , * 

With the experiences of the first year as a guide trhe second, and . 
third semester courses were designed to help s^dents generate a better 
understanding of theii^ physical environment • These courses, while entitled . 
physics and chemistry*, address themselves not only to the content of science^, 

% - • ■ • ' . ■ • 

fi^t principally to the integration of s^cientific thought as directed toward 

i * > J 

Jthe pursuit of understanding* Ali knowT.edge was presented in an inquiry 

V . • ^' * 

manner. ^ Inquiry was orchestrated about the questions, "How do I know 

Why do I believe and,. What is the evidence.?" ^ * _ 

The content of the physics courses was seleG:ted to guide the students 
tow^d an under standiilg^^ of such things as the difference between a chemical 
and a physical change, conservation of mass and properties of matter. ' \ 
These activities formed the basis "for the building of a particulate xribdel 
of the atom. In addition, a year long sequence of observations enable^i^ 
students to understand why we*believe in the sphericity of the earth and^ ^ 
to develop a model of our solar system and the universe. The ESS unit 
Batteries and Bulbs formed the basis of unit designed to develop oper- 
ational definitions of such things as circuits, resistance and related 
electrical phenomenon. Finally", inquiry activities were designed considering 

^the concept of motion^ from Aristotle to Newton. Materials from Professor 
Arnold Arons ' (Universi^ry of Washington) adaptation of the Introductory 
Physical Science* and the Project Physics Course wfcre utilized in these 

-course s. * ^ 

The fourth~^nd fifth semester science courses consisted of an inte- 
gration of all *discipiinete. Special emphasis was given to biological and 
geological problems as they related to ecological and environmental con- 
cerns, A major emphasis was placed on outdoor activities including extensive 



field-work designed to develop a secure understanding of the ecosystem 

^: - . - ' _ ^ ■ " 

wdGlm Finally, the basic facts of sex and drug education were presented 
utilizing individualized audio-tutorial instruction (S# Postlethwait , 
Purdue University) i Sex and drug edui^ation were the only^ topics pre^nted^' 
in an expository manner Inquiry teaching pervaded all other instrilction. 

Prior to tiie five science courses , students received a general 
introduction to the methods of teaching elementary science to children* 
This curricular rearrangement served several purposes: 1) It provided a ^ 
background ^.at the freshman level for the early engagement of nrospective 
elementary yteachers wi^ih children in teaching- learning situations, and -r^ 
2) it provi-d^d an opportunity for prospective elemfentary teachers to irein- 
force, their cpmmitment; to elementary education or, based on this contact, , 

-1 ^ ^ ■ . ^ . ' • 

the opportunity to seleet-an alternate career early in their scholastic 
program. Thi^ approach is deemed a vital component of the project ♦ 

• M 

The methods course provided a broad foundation to teaching with 

i * ' . ■ ' • 

\ .: . , 

heavy emphasis e on the philosophies of the maj^r national curriculum ^ . 

programs such ds S-APA, SCIS, and ESS, Prospective elementary science 

teachers were introduced to performance objectives, sequencing, micro— ^ 

teaching, efc. The students were also exposed to a practical skills 

technique experience. ^ In concert with the notion of students "out of 

their, seat and on their feet" doing "hands-on" science, prospective 

el«aientary teachers learned to solder, work with glass, use an electric 

drill and sat/', etc. These skills were utilized by the students in the 

construction o^ physical constructs such as electric boards, terrariums, 

■. 

balances , etc . 

Concurrent with the subsequent" on-going science content, continued 
methodology ;was tied to on-going teaching experiences with children. 



This approach constantly reinforced the notion that 'Tiow to teach"^tfs 
every bit as important as *H^hat to teach." Thus, the general methods 
course and five science courses welded content to methodology to experience. 

Teaching experiences in tlie first year were limited to several 
critiques of *^del'* teaching situations using 3rd grade children from 
a nearby public school. In/t^e first semester of the second year, the 
prospective science teachers were assigned to teach in the primary graces 
(first and'secotid grades). This was expanded during the Second semester 

to include the intermediate grades (fourth through sixth grade). They ' 

\ ^ r ^ ' ' ^ ' - 

taught six, one^^half hour to one hour lessons each Semester. Eath . 

lesson was preceded' by a one hour planning session with on^ of the 

staff members. Each lesson was video taped.* 'The week following the 

teaching stint was reserved for a one hour critique of the t^cRing - 



lesson. Lessons .were selected from S-APA, " SCIS, and ESS materials. 



At the end of the second year the population of the learning groups 
was progressively increased from one or twb^ to ten students. Thus, 
by the end of the second year each particij>Snt^had experienced teaching 
at all grade levels (one through six ^—aad^ad begun working with large 

' " ■ ^' 

groups of chiiaren. Having had this^ varied grade level experience, tsne 

participants were directed to select, a grade level of their choice to 

fulfill the third year teaching experience. Traditionally,' eighty to 

ninety percent of the prospective elementary teachers^^'lect to teach 

t^fird grade and lower. Over fifty, percent of the UPSTEP ^participants 

elected to teach fourth grade and above. It is l>elieved that this shift 

was due to the varied experiences (first through sixth grade) acquired 

oveii the two year period. As always, every attempt was made to deverlop 

. - \ - ^- 
within the prospective elementary -science teachers a spirit of self 




analysis and general acceptance of'*=xojist'tuctive criticism* j 

Accepting that tea^^ers will^ tench as they have been taught, ;i , ' 
constant modfel of inquiry teaching was put before the pr^ospectivc clew ^ ^ 
entary science teachers. Stress, was on the development ^of • science out 
of direct^' experiences in lieu of exposition of the facts of science and ^ 
memorization of the same. Students were engaged^ in the processes of 
• ^^^..--^cienqe and were led to, discovering the usefulness of models and general-** 
^ izations. The emphasis was on^ the ideas of s/:ifence rather than the. Voca- 
bulary of science. The students^ were constantly challenged through 
discussions- and questioning to a, revision of faulty thinking rather than 
being tp Id- their answers were incorrect. 
Training for "Inquiry Teaching . ' t . . 

^ ■■ ' ... "•■ 

,^ ^ Recent national curriculum projects in elementary school science have 
resulted in the availability of eapcellent materials for teaching elementary 
science. If properly taught and implemented, any of these projects (S-APA, 



SCIS, ESS) would result in excellent instruction in- science . While individually 
different, a common denominator among tfrese elementary science projects-^- 

V ' . ' - . - ■ 

is the idea 6f learaing through inquiry. What is' needed are prospective 
science teachers whp^ can teach ^^cience to children through inquiry. 

At the college level, "traditional" science course^ presented through 
inquiry are sorely lacking. It is imperative that prospective science 
teachers have experiences from whicft they can model their teaching of • 
science. The, integrated five semester science sequence "at Purdue Univer^ 
sity was' structureid using the inquiry approach. This method of instruction 
has apparent cons^uences. If science is to be presented through explora— 
tion, invention, and discovery, rather than through lecture and memorization. 



time must be viewed in a new perspective. Only by allowing the s?tudents 
^ time to make mistakes, to experience^^he^f rustration of insufficient knowledge 
and to sharpen their ideas through peer interaction and class discussion 
can stud^ts experience the personal satisfaction that arises from 

^ ^ . ^- ^^ : ' ^ ' ' 

achieving understanding through their own intellectual efforts. If 

' " V ■ . * % 

there is a joy to sciencing, ^is is it. , ' < ' 

The approach of insisting on the pursuit of understanding by students 

makes the uncovering of information more important than the covering of - " 

information. Thi^ approach restricts the content of a course. Qourse 

content ^eduction is not arrived at out of a disregard" for the value of 

information, but father it stems from a full realization of how rundamenf^l 

time is for 'allowing the inquiry prbcess to proce^ until understanding \ 

achieved. A good model of inquiry teaching cannot saprif ice thie t-jftne required 

for understanding to the demands of comprehensive coverage. ^ 

Himianizing the Undergraduate Sconce Preparation ^ . 
of Prospective Elementary Teachers . ^ 

' ^ ■ ' . ^ ' ' ' • , 

-Prospective elementary science teachers enter universities with little 

) ^ ■ • * ^ ' > * 

or no experience in making observations , basic laboratory skills, or know^- 

ledge of how to apply elementarjr mathematics to experimental results. 

They also lack -the ability to independently and creatively CQrrelate an 

' abstract i^a with a concrete situation. Exposure to 15 hours' of "traditional^ 

science at the college level does* little to obviate these deficiencies. 

- . • ■ • * . . ^ [. . 

•ii^tud^nt teaching experiences usually supported this in^dec^acy of preparation 
in that the studenll^ behavior supported the old adage that "teachers will 
teach as they have been /taught Inevitably they resorted to a presentation 
» of the facts of science with little or no attention to how they have been 
^ /generated. ' Through the provision of a HK^el of inquiry teaching that endured 
for a three year period, plxxs the continued emphasis on content acquisition 



via an inquiry approachs and through on-the-job teachiiig experience cojci- 

commitant with constant evaluation against an inquiry model, improved ^ ' 

*\ ' *- » * . * • • * 

inquiry teaching in the elementary school has resulted. 

^ . ■ . _ » 

* While basically ^concerned with the science pi^paratioh of prospective 

elementary science teachers, attention has been given to other «areas that 

^2&pxnge on "good" teaching. Studerlts with recognizable problems in speech, 

composition, and handwriting were tested and^:- remedial work was administered. 5 

It is recognized that students C3xin<^ /z:m:pro've in these areas through a . ' ^ 

.crash program administered shortly b^ore student teaching cbmmences* 

Time is necessary to reJ^ve these deficiencies. Thus., remediation^^as 

initiated in the freshman year and where* applicable, continued'* 

Most significant to the project is the fact that the staff remained 
with the students for the; three year pe^od. ,.The' staffs' roles varied 
from classroom instructors, monitors, administrators, evaluators of teaching 
experiences, to counselors . ^Nevertiieless , the continued tie ; to the program 
was provided. This close associatipi^ makes remediation, rather than mere 
identif icatibn of individual weaknesses, a reality. Counseling becomes 
an on- going, free wheeling^proc^is. 

Some e^rly favorable observations associated with the program are 
clearly ^n evidence. Students have become increasingly ponfident regarding 
their ability to^ solve problems in science. They attack problems ^with 
excitement and^ vigor.. Inquiry has become an active part of their vocabulary, 
th^ir actions, and their student tseaching perf dnnances . 

Negative attitudes toward science have been reversed as noted by 
continued positive statements about science from the majority of the students. 
This change is due. in part to .their successful intellectual development through 
cognitive experiences. In part, it is a reflection of the presentation of 



t^tegrated science, the relationship of the science content to science 
methodology and to-classroom teaching experience with children and the 
continuation of the same staff over a three year period* 



Th^^spirit of inquiry pr<5mo ted throughout the program was translated 
into effective inquiry teaching at the elementary school level. This 
program is not a cure^ll for all that ails instruction in the elementary 
schools but it is a significant improvement^^ What a unique pleasure it is. 



for instructors to be able to say yith conviction to their students, "Teach 



as you have heen taught; do as we say and do - Inquirel" 



/ 
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CONSERVATION, 
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EXPERIimAL APPROACH 
UPSTEP PROJECT - PUREltE UNIVERSITY 



METRO pOIjl^Y 



1 




TEACHING EXPERIENCES 



Speech, 
Compos it ionj 
Handwriting 



Ques tipping | 



Inquiry 



r/ 



EDUCATION 323-1^ 




ISfequencing 



Obejctives 



Resources 



Cr 



eativity 



INQUIRY 



Field Trips 



Evaluation 



Teaching 
Learning 
Centers 



INQUIRY 



Sex Education 



Drug Education ^ 



I 



Outdoor 
Education 



INQUIRY 



END OF 



PHYSICS 


2 IDA 

N 






. PHYSICS 211A^ . 




END ( 






BIOLOGY 


2X}5N 



3rd Grade 
Teaching 






Video 


Taping 



THE FIRST YEAR 



1st & 2nd 
GRADE LEVEL 



Video Taping 



4, 5, or 6th 
GRADE LEVEL 



GEOSCIENCE 



THE SECOND YEAR 



GRADE LEVEL 
OF 

THEIR CHDICJE 



BIOLOGY 595 



END OF THE. THIRD. YEAR 



EDUCATION 430 
STU&ENT 
TEACHING 
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Evaluation 

✓ 



Phase I 1972-75. The experimental group consisted of 63 freshmen 
» randomly selected from a group of approj^jjnately 300 students enrolled 
in Biology 205", "Biology for" Ejiementaify school TeaclWrs^ The 
remainder- of the Biology 205 studet^ s^j-^ed as the contro]^_g«mpr^ 

• * ^ 

''The following examinations were adtninist^red to both groups. 

r- - 

a) Wisconsin Inventory o£ Science processes 

Pretest (1972) and Posttest (1975) 

b) Bratt Test of Attitude Towards Reaching and Teaching Science 

Pretest (1972) and Posttest (1975) 

c) Sequential Tests of Educational progress (STEP) - Science 

Pretest, Form lA, 1972 and Pogttest, Form IB, 1975 

d) Piagetiau Style Tasks ' * 

Fifty- four S's from the expejrijnental and control group 
were tested. Pretest, springy 1973; Posttest, spring- 1974 

Phase ri 1975-77. The experimental prograi^ ^iXl continue .to be ^ . 

evaluated by obtaining data from three 'general sources^ 1) Student 

teachers (seniors) Tsrho have paf ticxpated the UPSTEP program (testing ^ 

^ ^in progress - 1915^11) y 2) in-service teachers (UPSTEP graduates - to 

be tested 1976-77), and 3) Elementary sq^^^x students of the in-service 
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t\aehers (UPSTEP graduates - to he coytpi^gted 1976-77). I 
Pretest : ^ Experimental and Control Groups fall, 1975 . * 

a) Conceptual Systems, ^^st A (0. J. Harvey), fall, 1975 

b) Teacher Concerns Checlclist .(F. Fuller), fall, 1975 

' Experimental Group only, on-goixig evaluation, .1975-77 
f a) Audio Tape Analysis 

[ - Interaction Analyg^^g 'science Teaching (G. Hall) 

b) Visual 'Ana lysis : 

Inquiry Quotient tuventoiry (A. Lawson & A. De Vito) 
^ c) Inquiry T^pe Analysj^g 
* - • 

Elementary School Student^ 

Science Teaching Checkligj. (m. Golman). To be 
administered 1976^77^ 

Posttest: Experiiaental Group 

a) Conceptual Systems, ^est B (0. j. Harvey), spring, 1977 

b) Teacher Concerns Checklist (F. p. Fuller), spring, 1977 



2j 
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Sequential Tests of Educational Progress and 

The Wisconsin Inventory of Science Processes Evaluation ^ ^ 

Of^particular interest was the effect of Project UPSTEP on science 
•achievement and on knowledge of scientific methodology. Science achievement 
for the experimental and control groups was measured by the science version 
of the Sequential Test of Educational Processes (ETS, 1957), Xhis test, 
known as the STEP^Test, consists of 30 items dealinjg with science skills 
, and abiliti^. Knowledge of scientific methodology was measured by the 
' Wisconsin Inventory of Science Process (The Regent^ of "^the University of 
Wisconsin, 1967). This iastruinetrt<^ the WISP .test, consists of 93 items 
which arfe concerned with the assumptions, activities, objectives, and pro~ 
ducts, of science. 

For each of these measures, group^ means were analyzed by means of a 
^-test (two samples, standard deviations/equal but unknown) in an effort 
to answer the following questions: ^ 

1. Were the experimental and control groups equal with respect 



2. 



to the dependent variables at the 'outset of the project? 
Did group means in^^ase significantly over the course of the 
students ' undergraduate careers within each group? 
3. Was there a significant difference between the experimental and 
control group means at the end of t:he project? ^ 

In reporting the results of this analysis, means and specif ic ^ values^ 
will be reported whenever the difference between group means is significant. 
Associated with each t^ statistic will be a value which indicates the 
probability that a difference of that magnitude could^ have occurred by . 
chance (e«g«, p <..01 indicates that such a difference could have occurred 
by chance only one time in a hundred) o 

Analysis of the STEP test data indicates that experimental and control 
group were equal with respect to science, aptitude at the outset of the project. 
Prior to student teaching," the ^control group demons trated^a bearly significant 
increase in achievement ^^in science (1972 X = 28.80, 1975 X = 30.18, ^ (224) = 
1.52 p <.10). However,^ the experimental group showed far greater achievement 
in science aptitude (1972 X = 28.25, 1975 X = 32.50, t^ <91) = 5.96, p <:*005). 
Comparison of the 1975 STEP test means for the two groups shows the. experimental 
mean to be significantly greater than that of the control group (experimental 
X = 32.5(S, control X = 30.18, t^ (85) = 1.72, p <.05)o These results clearly ^ 
support the hypothesis that the quantity of science content taught via the 
traditional science approach for elementary education majors is not as im- 
portant as the quality of science covered in* an integrated science approach 
taught through inquiry with understanding paramount to expansive science 
coverage . ^ 

■ ^ ' / 

Analysis of the 1972 WISP test data indicates* that the control group w|as 
slightly more knowledgeable about scientif ic^nethpdology than the ex£er4nfental 
group at the outset of the program (control X = 56.73, experimental X'^54.98, 
i (226) = 1.33, p <r.l0). However, througn the course of the traditional 
elementary science teaching curricultim, the control group failed to signi- 
ficantly increase their knowledge of scientific processes (1972 X - 56.73, 
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1975 X = 58.09). Yet the experimental group increased their scores on the 
WISP test dramatically, (1972 X = 54.98, 1975 X = 64o77, t (91) ^ 4.96, p< 
.005). Furthermore, the 1975 WISP test mean of the experimental grou^ was 
also significantly greater than the control group mean (experimental X = 
64.77, control X = 58.09, t (85) = 3.68, p< .005). 

To further establish the effects of '^the program, more conservative 
analyses of variance (ANDVA) were conducted on the WISP data.' A 2 x 2 
uneqiial cell ANDVA was run for the WISP scores with Method (UPSTEP ' 
Experimental vs. Control) and Time (pretest vs. posttest measurement) 
as major factors. A significant effect for time was found (F = 13.45, 
df = 1/308, p < .005) favoring posttest measurement. However, .a 
significant Method X Time interaction (F = 11.26, df = 1/308,. p < .005) 
was also found. A Newman-Keuls Sequential Range Test indicated that the 
two groups were equal with respect to WISP performance, but that the post- 
measurement scores for the experimental group were significantly greater 
(p < _*01) than the control (see Figure'!). 




Pretest Posttest 



These results clearly support the hypothesis that the integrated 
inquiry science approach, in meeting the elementary education majors' 
requirements in science, does promote greater .understanding of the assump^ 
tions, activities, objectives, and products of science then the traditional 
science approach currently implemented at Purdue University. 

■■ ' • ' ^ • . . 
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Bratt Test of Attitude Towards Teaching and leaching Science - " . 

A major coinponent of the UPSTEP project vcis the humanistic, approach 
utilized -throughout Phase 1 (1972-75) and che anticipated, continued applica- 
tion throughout Phase II (1975-77). Thi3 approach consisted of the utiliza- 
. txon of a permanent cadre of staff members who, in a variety of changing 
roles^ progressed with the participants through the program. The staff 
constantly addressed themselves to the continued marriage of content acquisi- 
^^^u' science-methodology, to early and continued field experienc?^ 

. wxth children. This continued staff involvement more closely matched staff 
responsibility to tl^e end product— the training of outstanding elementary 
^achers m science. This continued, involved teaching with its' continued 
close- association with students and cons idetations given to individual -strengths 
<«id weaknesses was studied to determine .the impact on science-related attitudes. 
The. instrument used for this part, of the analysis was the Bratt Attitude Test 
CBratit, 1973). This test, also known as the BAT test, consists^^f 66 
intellectual and humanistic science and science teaching attitud'e statements. 
Response to the items is on.a five-point semantic differential scale (strongly 
/ agree to strongly disagree). Intellectual attitude statements were based on 
knowledge pertaining to the teaching of science. ' Humani^-ic attitude state- 
ments measured emotional feelings towards the interaction between the teacher 
WISP^^""^^"*^' .-^fy^^^ procedures were the same as those used on the STEP and, 

^ Analysis of pretest measure indicated that there were no significant 
attitudinal differences between experimental and control groups at the outset 
of the study. However, posttGst attitude -scores for the experimental group 
-were found to be significantly, greater than those of the control group 
(experimental X = 21.30, control X = 17.19, ^ = 2.68, df =■ 100,. p < .005). " : 
In fact, the traditional curriculum produced no change in the attitudes of 
control subjects (1972 X = 18.06, 1976 X = 17.19). In comparison, the 
experimental_group demonstrated a significant increase in BAT scores (1972 X = \ 
18.56, 1976 X ='21.30, t = 2.22, df = 91, p <^02). These results indicate (1) 
a crystallization of attitudes regarding knowledge df, science and science 
teaching and. (2) a marked trend towards more humanistic attitudes towards 
students for,, subjects in the experimental ;gro\ip. 

Ii> a fashion' similar tq. the analysis of the WISP <iata, ANDVA's were 
conducted on BAT scores using the same factorial desi^ as described in the ' ' 
previous section. Separate analyses were conducted on total scores as well 
-^s on intelle^ctual and scientific subscales. ■ 

Analysis of BAT total scores showed no significant effects for either 
Method or Time. However, analysis of the scientific' attitude' subscales showed 
significant main effects for'Method (F = 39.80, df = 1/330, p < ^001) in favor- 
•of the experimental group- and for Time (F = 240.21, df =1/330 , p< .001) in 
favor of posttest measurement). A significant ?feth^X Time interaction was - 
also found (F = 5.70, df = 1/330,. p< .05). I.^_™an- Keuls analysis of cell 
means showed that the improvement of attitude^ cowards- science was far greater 
for the experimental group than for the control group (see Figure 2). 



ANDVA of Htmanitarian subscale scores also shoved significant main 
effects, for Method (F = 22.99, df •= 1/330, p. < .001*) ±n favor of the experi-r^ 
mental group and for Time (F = 42.37, df = 1/330, p < .001) in favor of 
posttest measxirement. - Flgxire 3 presents a graph of cell means.^ 




Pretest . ^ostrtest 




Pretest Posttest 

It is concluded that the continued association of a' consistent staff 
personnel who concerned themselves with the students as, individuals as well as 
th^^ quality of the aca;demics of science teaching can measurably improve students 
intellectual and humanistic attitudes towards science and science teaching. 



. Piagetian-styled tasks 

; Pretesting was conducted in April of 1973. Students were administered 
the battery of Piagetian-style tasks in individual interviews of approximately 
30 minutes each. Posttesting was conducted in a similar fashion in April of 
1974^.. The interviews were conducted by two trained examiners who had no 
knowledge of ^licl?/ students were members of the experimental or control groups, 
Students were assigned to the examiners at random times during the course of 
the interviews. Each subject was interviewed by the same. examiner during 
the pretest and posttest. 

•<rhe twh groups consisted of students who during their freshmen year were 
selected from a group of approximately 30a students initially enrolled in 
Biology 205, Biology for Elementary School Teachers. Pretests were admin- 
istered at the end of the second semester of the subject's freshmen"" year. 
At that time the experimental group of 20 students (19 females ."T. male) 
ranged in age from 18.5 years to 19.7 years, mean age of 19.0 years, and the 
control group of 17 students (17 females, 0 males) ranged in age from 18.5 
years to 19.5 years, mean age of 19.1 years. 

Experimental and Control Group Comparison 

. Table 1-^ows tjie results of the classification of exper: -lental and 
control group subjects into substages of intellectual development for pre- 
tests and posttests.. In the experimental group, 7 of the 20 subjects gained 
two substages^from pre- to posttesting (post-concrete operational to middle 
formal operational) and 10 participants each gained one substage. One 
experimental subject showed no change from pre- to posttesting, while two 
showed ajregression of one substage (early formal operational to post- 
concrete operational). Four of the control group subjects showed a pre- 
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to posttest gain of two subs tages, while one showed a gain of one substage^ 
Of the remaining 12 students tested, 9 showed no change and three showed a 
loss of one Substage. 

A comparison of the mean pretest and posttest levels shows that the 
(J^ontrol group's, pretest mean level (4«65) was higher th^ that of the experi* 
mental group (4.20). Applying the Mann-Whitney U' Test , this difference was 
found not signif icant at the .65 level -(U = 135.5, p = .!27). The posttest 
mean levels of 5.30 for the experimental group andi 5^06 for the corftrol 
group were also not significantly different at the .05 level (U = 142«0, 
p = .19) • The mean gain in level by the experimental feroup (1.10), however, 
was significantly higher than that of the control group (.SS) at the '.01 
level (U = 99.5, p = .dl). 

TABii: 1 " ; ' - 





Experimental 
(N =; 20) 


Control 
(N = 17) 


Subs t age 


Pretest Posttest 


Pretest Posttest 


Early concrete operational 


0 0 


0 0 


Middle concrete operational 


1 0 


0 ■ *0 


Late concrete operational 


4 0 ' 


0 1 


Post-concrete operational 


ii ' 4; 


10 5 


Early formal operational 


7" 7 


4 5 


Middle formal operational 


0 8 


2 5 - 


Late formal operational 


1 1 


1 1 



Since the control group mean pretest score was higher than that of the 
experimental group, the possibility existed that the smaller gains made 
by the control group could have been due to- a ceiling effect. To check this 
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possibility an analysis of covariance removing effects of the pretest was 
carried out. The obtained F-ratio of 3.33 (d.f. = 1,35) failed to reach 
significance at the .05 level. 

The sample used in the study was a stnall one and all of the subjects were 
preservice elementary teachers. It is therefore not possible to generalize 
from these results. However, the fact that gains in level of intellectxial 
functioning made by the experimental group involved in tTie^OTSTEP project- 
were significantly greater than the- control group's gains suggests that 
curricular materials which confront students with concrete materials and 
problems can promote the development of fonnal thinking abilities. 
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Freshman Year (1972-1973) 
Topics Covered in Education 323 



PURDUE UNIVERSITY 
UPSTEP PROJECT ' 



The Teaching of Science in the Elementary 
School, 1st Semester, first' year ^ 

'I 



TOPICS: 





65. 
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What is' science? 

The job of teaching science in the elementary school,> 

Drastic changes expected * « 

Should education reflect the spirit of science 

Overview of science in the elemetitary school 

Overview of science teaching^*inthe elementary school as purported by 
the three major, national curflculum, elementary dchool programs* 
Science A Process Approach (S-APA) 
Science Curriculum Improvement Study 
Elementary Science Study (ESS) 
Instruction in the basic ^skills of science (S-APA) 
Obseryatibn 

Using the five senses 

Static observations vs dynamic observations ' 
Indirect observations vs direct observations 
Mystery boxes 
• ' Inferring VS" observing 
Cla:ssif ication 

' Similarities and Differences '(Attribute Games) 
Position and Motion 
■* Number line 

Grid coordinates , 
"3-dimensional space 
Polar coordinates 
Longitude and l.atitude 
Measurement 

Metric system * 
Precision and accuracy 
- Pressure and area 

Length, width ;and height 
Volume, , 
^rface area 
Weight 
• Mass- • - ■ 

Density 
Pressure 
Eqxial arm balance 
Normal variations 
^ Inf er r ing /Pr ed ic t ing 

Graphing 
Space /Time relations 
Formulating hypothesis 
Controlling variables 
-Interpreting data 
Opexational definitions 
Formulating^ models ^ , t 

O 



Problem Solving and inquiry approach to X(Ba(rning 
An inquiry tnodel 
Exploration 
• Invention 

.Discovery ^ ^ * • 

^/Problem solving situations via an inquiry approach 

Surface, tension, cohesion, and adhesion 

Wliy does a burning candle go out? 

The glass rod experiment 

baggie garden experiment . * 

Mealworms ^ 

Tangrams . • . 

Inference boards 

The Cartesian diver 
Micro, Teaching involvement 
Questioning and Listening ' ^ ^ 

Writing performance objectives m 
Evaluation in the -^elemehtary school > * 

Construction of science -"materials 

Tetrarixims 

Electric boards . 
Weather apparatus, etc. 
Science liarathon day 

Identification of basic tools for "^sciencing" 
i Making a collection tank 
Soldering , 
Bending and cutting glass 
Counting calories \. 
Parallel and series electrical hookups 
Magnetism - 

Drilling and sawing wood 

Lighting a propane tank, etc. " 
Safety in science teaching 
How to survive a field trip 

Field trip day • • • Mini-course festival (Lebanon, IN) 

i;ppics Covered, in Biology 206N * Semester, first year 

TOPICS: • i 

• Populations - 
constants and graphing 

using the compottnd microscope v 
scientific notations \ 
hemacytometer 
dilution , 
yeast experiment 
observation^ of paramecia 
competition in palramecia 
daphnia^- hydra 
. density ' . . • . . . 
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Sophmore Y«ar (1973-1974) 
Topics Covered In Physics 210A 



1st SeAester, second year 



The course begins with selected portions of College! Introductory 
^ Physical Science, Prentice-Hall, Inc., 1969 and continues with selected 
portions of the Project Physics Course, Holt, Rinehart and Winston, 1970. 



TOPICS: 



Astronomy Part I" 

simple observations of the suit, moon, and stars 
Measuring " - y ^ 

linear measurements 

linear measurements using metric units 
making comparisons using a balance 

ordering plane figures by area , 
estimation and comparisons using the metric system 
measuring volumes 

Astronomy Part II '-j^r-. 

motion^of < the earth in rotation to the sun, moon, and stars 
Density ^ - 

Astronomy Part III 

a model of the celestial system 
A model for the composition of matter 

thermal expansion of solids, liquids, and gase^ 
Solu'tions 

solubility 

Decomppsition^and synthesis of water electrolysis 
Electricity <^ '^^ 



Battery and Bulbs 
Topics Covered in Physics 211A 
TOPICS: 



2nd Semester, second year 



\ 



Compounds and mixtures 
Building .and^ remodeling 

Laws of definite and multiple proportions 
Motion 

Position, change in position, instant of time, and interval of time 
Stroboscopic photography of moving objects 
Velocity 

Average velocity 

Instantaneous velocity . 
J Acceleration s . ' 

Actions, inactions, and reactions ^ 

Concepts, models, and theories are induced from observ^ations that the 
. students themselves can encompass, rather than from obscure a 
priori dicta.. 
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Junlofr Year (1974-1975) 

'Topics Covered In Biology 205N . - 1st Semester, third year 

TOPICS: . . 

Piaget- testing techniques promoted, in preparation for. testing- 

' elementary school children 
Piagetian testing kits distributed and testing assignments madi 

ECOSYST^ 

Group aquarium-terrarium systems .assembled (8) 

* ■ 

Topics covered related to the aquaritan-terrarixuh ecosystem: 

^ Introduction at the appropriiate time into the system: Plants ^ 
brine shripp, isopods, frogs, polywbgs, guppies, chameleon 
and mealvorms 
• " Decomposition 
Plant growth 
Light and temperature 

Interrelationship between plants and animals ^ . 
Food chains ' * 

» ^ Bromo-Thymol Blue experiment 

Interrelationship of snails^ plants carbon dioxide, and o^qrgen 
Scientific American Reprint readings related to ecosystems 
« Nitrogen Cycle ' . 

larbon Cycle 

Oxygen Cycle ^ . 

Water Cycle * ^ 
1^ Energy .Cycle of the Biosphere 

- Energy Cycle of the Earth • 
' . ' , Biosphere / 

Carbon dioxide and oxygen cycle 
Nittogen cycle 





Eccifeystem • a wajr of looking at the environment (as a model). 

• Function of respiration and photosynthesis in relation to energy—^ . 
Producei:, primary consumers, secpndary consumers ^ y^^ 
Pyramid- of energy 
' :^ Habitat , and niche - \ . w 

The' concept of steps ^up from individual organisms to biome 
The effect of man on his environment 

Pesticides and herbicides and how they effect the environment 
Fresh water pond succession • 

Human reproduction (audio-tutorial sex education unit) 
Tree identification "Fifty Trees in Indiana" ^ ' 

Plus^^accompanying appropriate teaching methodology to translate these topics 
into viable elementary school lessons , . ■ 
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Topics Covered in Biology 395N - 2nd Semester, third year 

TOPICS: \ 

\ 

* Rock and mineral unit 

Identification of basic rock forming minerals (9) 
Rock and mineral puzzle 
^ Mineral puzzle / 
- Construction of ajbasic rock-forming mineral calculator: * 
Weathering of rock ^ . 

Metamoi^hic vs igneous vs sedimentary rock 

Science « A Process Approach (S-APA) exercise in Classifying minerals 
Sedimentation experiment v ' " 

Making X rock (cementation process) . ^ 

Elementary: Science Study (ESS) lesson planning in preparation for a three 
week teaching stint with children in the local public school by the 
UPSTEP participants. 

Drug unit ^ ^ 

Marijuana, drug educatipn minicourse, alcoholism sources of infor- 
mation, annotated bibliography, examination of exemplar sex education 
programs in the elementary school. 

] 

Woodland field experience 



Topics covered in woodland field trips j 
adaptation ' 
organisms . 
soil examination / 

soil samples taken and examined in the laboratory 
agar plate experiment 

soil and leaf agar innoculations made 
soil samples at various depths in various locations tak^n andy/ 

examined; samples were dried out and various life forms 

contained within and driven off examined. 

soil sample dilution experiment . 

• . ■ ■ » * 

The Stream 

Observations and collection of stream^ plants and organisms 
Comparisons of samples from various collection sites 

Wildf lower unit 

Marsh unit 

Observation of a marsh environment ' 
Detailed study of] the, red-winged blackbird 

Plus accompanying appropriate teaching methodology to translate these 
topics into viable elementary school lessons 
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Unit I - POPULATIONS . BIOLOGY 206N ' 2nd Semester, first year 

4 

F. Yeast Experixneitt 
!• Objectives : 

Upon completion of this activity the student will be able to: 

a. inoculate a culture medium with yeast cells and count 
the number of cells in samples of the culture over a 
10-»day period. 

b. express the number of cells counted with ^the hemacyto- 
meter in terms of cells/ml. 

c. construct an appropriate graph of his data. 

d. accurately interpret his results. 

2. Procedure ; 

Inoculate 125 ml of sterile water with 1 gram of dry yeast. 
Shake the fiask to suspend the cells. ' Transfer 1 ml of the 
^ ^ suspension to 99 ml of water. Shake the second dilution. 

Then transfer 1 ml of this suspension to each of 2 flasks of 
49 ml of culture medium. Incubate one flask at 30 C and the 
other at 20 C. ^ 

Count the number 'of cells in a sample of the second dilution^, 
and determine the number of yeast cells added to the 49 ml of 
^ culture medium. Convert this concentration to number of cells 

per ml in the 50 ml yeast cultures. . 



\ 



For a period of 10 days, count and record the ^mber of yeast 
cells in each of the two cultures every day. 

3, Evaluation : * , - / . 

Present your results in the form of (an) appropriate graph(s) 
and x^ite a short paper discussing the observations you have 
made. Include in your discussion any of the following points 
or questions which may be applicable to ybur results. 

' ' . ' • - ■ ' 

a. Experimental error. 

b. 'Any differences in the rate of growth of a population. 

c. Any differences between the two cultures (i.e.y20 C 
and ^°C). 

d. If any differences were observed, how might they.be 
explained? 

e# How do your results compare to the Awful Alfred model? 

f . Use your results to formulate a model of population growth i 

g. Can you generalize from your model to other populations? 
What would you have to do to test the power of your model 
in making predictions? 

h. Can an incorrect model be a "good*' model? 
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Unit I - POPULATIONS 
4, Refferenccs: 



a, Anderson, R. D., Devito, A. , Dyrli, O.E,, Kellog, H. , 
Kochendorfer, L, , and Wiegand, J, 1970, Developing 
Children's Thinking Through Science. Prentice-Hall, Inc. 
Englewood Cliffs, New Jersey, p. 61-67. 

Minnesota Environmental Sciences Foundation, Inc. 1972. 
- The Rise and Fall of a Yeast Community , National Wildlife 
Federation, Washington, D«C, 20pp, 
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Unit I - POPULATIONS 



BIOLOGY 206N 



2nd Semester, first year 



G. Observations of Paramecia 

1. Ob jectives ; 

Upon completion of thi^s activity the student will be able to: 

a« estimate the length and width' of the organisms ifi a 
Paramecia. culture. 
- b* estimate the rate of swimming of the organisms in a 
Paramecia culture. 

c. describe the shape of the organisms in a Paramecia culture 

d. describe structures or behaviors which will help to 
identify these organisms. • ^ 

2. Procedure ; 

Place a^few drops of the Paramecia culture on a watch glass. 
^ Using a h^nd lens and a light source below the watch ^lass, 
examine the culture. 

Next, make a wet mount from the culture and examine it ^with a 
J compound microscope. When appropriate, a drop of Protoslo 

added to your slide will slow the Paramecia and make ±t easier 
to observe them. What is the effect of adding a drop of vine- 
gar to a slide containing Paramecia? 

3. Evaluation : 

When you have recorded enough observations to satisfy the ob- 
jectives consult with an instructor. 
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Unit I - POPULATIONS ' BIOLOGY 206N 2nd Semester, first year 

'Sim Competition "in Paramecia 

1 . Ob iectives ; . 

Upon^mpletion of this activity the student will be- able to: 

a. count and classify the organisms in a s^ix da^^ulture 
of Paramecia ♦ ^ ^^^'^'^ 

b# construct an appropriate graph (s) showing tli^^^lati,6n^ 
ships 'among the counts from the six day culture an^ \ 
data given from a two and a twelve day cultui;e« 

c. accurately interpret the results obtained from a. two, 
'six, and twelve day culture of Paramecia. 

d« . construct and interpret .a graph of data given from 
another population of Paramecia. 



2. Procedure ; ' 

Obtain five microscope sMdeS and cover glasses^ Vigorously 
shake* the tube of six day Paramecia culture and as quickly as 
pos&ible remove a sample with a pipette dropper. Make a wet 
xnount * using one drop of culture and one drop of Protoslo 
(or vinegar). Repeat this procedure until you have five, wet 
mounts of - the six day culture. Use your microscope to observe, 
classify aud>- coxint ' the organisms in each 'of the five slides. 
If the culture is too concentrated for convenient counting it' 
may be necessary to make a serial >dilut^on before classifying 
. and counting* 

3... Evaluation ; 

a. , combine yotir data from the six day culture with data ^ 

given from a two and a twelve day culture. Graph the 
data and be able to interpret these results. 

b. given^/^the data from a Paramecia population experiment 
of .Cause, graph the data and interpret the riesults. ^ 

c. -contrast the results of* the tw0^....sets of data. When 

you'"are satisfied with your ability-^t^ discuss these 
* results, consult' with an instructor. 
\ . ' ■ . 

4. Reference ; 

' . ' . » : - • 

Cause, F. F., The Struggle For Existence . Hafn^r Publishing 
Company, New York, 1964. 163 pp# . 
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Unit 7 
Checkout 



FORM A 



Physics 210A 
1st Semester, second year 



1. In which of the configurations below will the bulb not light? 
In e'^ch caae,' explain „ why it will not light. 



2. 



3. 




From your observations of the configurations that make the bulb'(s) light, 
can yo}^ show any evidence for the direction of "flow" in a circuit? 
Explain why or why not. * 



Three identical light bulbs are connected as shown in the diagrams below. 

1 





j: 



a; 



0. 



±1 



Fig. I 



Fig. II 



Fig. Ill 



a) What will happen to each of the bulbs when Bulb No. 1 is unscrewed 
from the socket (see Figure I). Explain. .\ 



b) What will happen to each bulb in Figure II when Bulb No^ 3 is 
'unscrewed? Explain. 



c) In Figure III', a length of nichrome wire is placed between points 

' A and B (see dashed line).' What will happen to the brightness (if 
anything) 'to the bulbs?." Explain. . ' ; 

d) How would your answer to part "c" differ if the nichrome wire were 
replaced by copper wire? Explain. - . 
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Unit 7 
Checkout 



FORM B 



Physics 210A 
1st Semester, second year ^ 



1. Draw the wires that will Toake each bulb lights 

- ^ 








2.^ a) 



Circuit "A" below represents a configuration that results in the 
pink bulb glowing but not the white bulb. How can ypu; exp^lain this? 



llAtf 



b) 



ItTjII 



white 




pink ^ . -.-^ ■ ■ • 

Suppose the circuit is now changed to look' like circuit "B"' above-. 
Explain what you might see happening with regard to whether one or 
both bulbs light and the relative brightness-. . 



3m Is there any way that you can tell from your observations of the parlous 
battery-and-bulb configurations which direction the "flow of electricity" 
takes? Explain. - . 
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Unit .7 . Physics. 210Ay 

Checkout * FORM C 1st Semester, second'year ^ 

!• In which of the configurations below will each bulb light? Explain why 

the others will not light. ^ 




^ . ■' ' ■ ■ . ■ ■ " ' 

2» Froni ypur investigations of the various -^configurations of batteries and 

bulbs,' what factors do you believe influence the^ -intensity or strength 

of Vhat is "flowing" through the circuit?'; . ^ ^ - " 

3. As you inaiy have observed, when a light is turned off (or burned but) 
■ in a house, the other lights are not -visibly affected". Based on your 
* observ^*rx6ns of the different types of arr;angeinents that are possible 
' Wit^^^rhe batteries and bulbs, explain how , this is possible, use 

diagrams to support your explanations* ' ^ ^ 



UNIT 5 - PART 1 

DECOMPOSITION AND SYNTHESIS OF vJATER - 
A "TERMINAL" ACTIVITY 

Physics 210A 
1st Semester^ s'eccmd year 




■ .'^ Water , V^ater eveirywherer 5t goes without saying that water is a very common 
' aiid recognizable substance in our environment. Moreover, it seems that no 
matter what we do Tbo it — boil it, freeze it, mix it with other substances • 
it still remains water* Tftfe early Greeks even thought of it as the primary 
^substance from which all other substances were derived. 'With the invention 
of the electric cell by Ales&andro Volta in 1800, studies in the*. newly- 
discovered area of "electrochemistry" showed that water could quite easily 
be decomposed into more basic substances whose properties had no resemblance 
to the properties of water. In this Unit we will examine this process of 
electrolysis (and the opposite process called synthesis ) and make use of the 
insights ^ainei^ in the examination- of these phenomena to begin formulating* 
\^some initial^^^ncepts concerning electricity. 



OBJECTIVES 



After completion of the study of this Unit, you should be able to meet the 
following objectives: 
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1. Describe In your own words the basic regularity in Nature which 
is Illustrated by the specific experience acquired in Experiment 
6*2 and illustrated further by the esq^riments described in 
Section 6 \ ^ 

In the light of the sequence of experiments you will have per-* 
formed with batteries, wires, bulbs, etc^, give, in your own. 
words, clear operational definitions of the concepts: "circuit," 
"electric current," "conductor andj non-conductor." 

3. Be able to precl^^ict what will happen (lighting or not lighting of 
bulbs, relative brightness, etc^) of various circuits that might 
be proposed to you or that you yourself will invent • 

4# Out of your , accumulation of experience since the beginning of 
this course (not confined to this Unit), give several examples 
of concepts that we have invented; show how concrete experience 
led to the formation and definition of ^he concept;^ and show 
how the concept has given us a deeper insight into some aspect, " 
orderliness, or relationship in Nature than we had prior to for- 
mation of the concept. Then give an illustration of what we mean 
by a "model" in scientific thought, (Note that a '"model" utilizes . 
a'^number of concepts and organizes them into a way of visualizing 
a process or a systematic behavior behind phenomena' that we 
observe.) 



ACTIVITIES 



I. a) 'Do Experiment 6.2 and read Section 6.3. While you are performing 

Experiment 6.2, estimate the .volumes of gas that you are collect- 
iiig. (very round numbers will do • - compare the test tube volumes, 
with those of gradttated cj^inders) and, r^erring td' the density 
data in Table 3.2, calculate the total mass of . gas you are collect- 
ing and the total mass of liquid water that must be "used up" in 
order to form^thie amount of gas you collect. What is the volume 
of the water ',Jup^d<^p^'? How does this volume compare with the 
volume of water initially in the test tube? State the point of 
this calculation and result in. your own words. ^ 

b) Eb Problems 3 (replace the term "acid^* in this problem by "sodixim 
carbonate" « the latter being what you added tO' the water in your- 
own experiment), 4, 6, 10. Read Problem. 9; if you can show that 
--you have already done a problem of this type, indicate the relevant 
work and proceed to the next assignment. If you have not worked 
out a problem essentially similar to 9, work out Problem 9 and 
discuss the^onclusions to be drawn, from it* 

II. , After you have coii:5)leted a:ssigninents (a) and (b) above, proceed 'with the 

activities on electricity as outlined a in Part 2 of this Unit. Ask a 
staff member to help you get started. The staff will give you periodic" 
guidance and instructions during this work. 
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Physics 2ldA UNIT 7 1st Semester, second year 



SOME CURRENT IDEAS ABOUT 
ELECTRICIIY 




INTRODUCTION , - 

In the elementary science curricula, some consideration of what is usually 
called "current electricity" plays ,a key role in one or more stages of 
development • In one. of the curricula (ESS), it occupies an entire unit of 
observation and inquiry* We shall digress for a brief examination of some 
of the most basic qualitative aspects of the phenomena associated with 
current electricity. Our treatment of the material will cut across the 
content of the various^ elementary curricula and will not exactly follow 
any one of them. The emphasis will be on your own concept formation at 
an adult level and not on a specif ic presentation to children at some 
particular grade. However, you may expect to pick up nuxneroxis ideas during 
this investigation that should be helpful to you in presenting these concepts 
to children. It should be emphasized that these activities, while appropria- 
te for elementary school students, d;re rich in conceptual ideas that can 
challenge the thinking of individuals at all age levels. 

We give the name "electricity", and use the adjective "electrical" in 
connection with the, effects produced by batteries such as^ those utilized 
in Exp. 6.2. (Our household "electrical" outlets, of course, produce 
exactly similar effects with considerably greater intensity.) Let us under- 
stand from the start that electricity is not some kind of substanc<6 or 
material- any'lnore than ideas such as length, time, heat, or temperature 
refer to substances or materials. 

'•r ' - . . , 

The sittiation is perhaps best understood if we first turn back to re-examine 
the manner in which we use the familiar word "gravity." From our sensation 
of having to support an object to keep it from falling towards the earth and 
from our observation that unsupported objects always do fall freely, contin- 
ually increasing in speed, we begin to visualize the earth as attracting all 
objects toward itself. (With deepening perception of the underlying order 
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an^'connect ion among universal physical phenomena, we subsequently realize 
that all objects attract each other in exactly the same way as tfie earth 
seems to attract us and all objects.) We use the word "gravity"' as a name 
for this mysterious effect, an effect that we are not able to "explain" or 
describe in terms of some process or action. The sophisticated name thus 
serves not as an explanation but as a way of concealing our ignorance . concern- 
ing this very familiar effect. . 

Although we have very extensive knowledge of how gravity regulates and con- 
trols a huge array of universal physical phenomena, we have no idea at all ' » 
of what gravity "is." The situation withe respect . to electrioity' is very . 
similar. Because of specific differences in context and character of rele- 
vant 'physical phenomena, we recognize that "gravity"- and "electricity" are 
two entirely different effects. Just as we know a very great deal about the 
workings of gravity, so we also know a very great dfeal about the workings of 
electricity, but we still have no idea of what electricity "is." In order 
to handle some of these ideas in a correct and sound way with children, it 
is absolutely essential that you understand aspects such as those referred^ 
to in the preceding' comments. There are many instances in which it is at 
least as important to understand what is not known about a particular situa- 
tion as to understand what is known. 

OBJECTIVES 

1. In the light of the sequence of experiments you will have performed with 
batteries, wires, bulbs, etc., give^ in^our own words, clear operational 
definitions of the concepts:, "circuit", "ej^ectric current", '^'conductor - 
and non-conductor". i 

\ ' ^ ' 

2. Be able to pr^3Tct what will happen (lighting or not lighting of bulbs, 
relative brightness, etc.) ^ef various circuits that might be proposed to 
you or that you yourself will invent. 

3. Out of your accumulation of experience since the beginning of this 
course (not confined to this Unit), give several examples of concepts 
that we h^ve invented; show how concrete experience led to the formation 
and definition of the concept; and show" how the concept has given us a 
deeper insight into some aspect, orderliness, or relationship in Nature 
than we had prior to formation of the- concept. Then give an illustration 
of what we mean by a "model" in scientific thought. (Note that a '4nodel" 
utilizes a number of concepts and organizes them into a way of visualizing 
a process or a systematic behavior behind .phenomena that we observe^*) 

^ ACTIVITIES 

!• The sequence of learning involved in this study is designed to enable you 
to begin formulating some basic ideas about electricity. It is essential 
that you keep a . detailed notebook, record of the lines of investigation 
suggested below. 

A. Start in with only the following equipment : one battery, one flash- 
iight bulb and one length of. wire. ^ ' 
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1. Proceed to hold^these items together in such a way as to get 
the bulb lighted* .Keep a notebook record of every single 
arrangement or configuration that you try. Do this- immediately 
as you try it. Do not just whip through a great many con- 
figurations until you get the bulb lighted; that is not the 
point of the line of inquixy. 

2m When you have f ound %11 the configurations /that light the ; 
,bulb, separate your diagrams, classifying in one group all 
those that do not .light the bulb and ^n the other group 
iall the ones that do. ^ 

(If you ever do have occasion to go^ through this limited 
exercise with children, note that at this^oint you are 

. engag^ in a process of classif ication. Tnte process- now 
deals with ideas more abstract than classification by 
properties such as color, shape, texture, size, number of 
holes, etc. that the children go through very early in the 
elementary science program, but it isrnevertheless classifi- 
cation and has its roots directly in the earlier, simpler 

. experiences •) : 

3m Describe clearly in your own words what those configurations 
that do light the bulb have in common with each other and how 
they differ from the configurations that do not light the bulb. 

4. Startiixg with one of the"^^^ configurations that lights the bulb, 
interpose in this configuration as wide a variety of materials 
(paper, coins i fingers,, pencils, keys, glass, etc. etc.) as 
you can reasonably find around your tables and in the laboratory. 
Again classify these materials by their behavior in Qiis context. 
How would you describe the pattern that emerges? 

« 

B. After performing the above investigations, build a .socket of your 

own^ following the procfedvre butli^ned on one of the attached pages. 
Now that you have a. conifenient '^holder" for the bulb, you can use 
it to investigate the construction of a standard' ceramic socket. 

■ ■ 

[■ , 1. Obtain a standard socket but do not screw a bulb, into the socket. 

. Building upon the preceding investigations, use the battery and a 
bulb in the socket you built- as a logical test device to analyze 
how the socket is constructed. (i«e« what part is connected to 
' what? Are the two clips connected to each other? If not, what is 
each clip connected to? What role do different kinds of materials 
^play in its construction?) As part of your notebook record 
describe your examination and conclusions in your own words. 

2. 5 Now relate the above' findings to .the construction of yotir own 
socket. What are th^ corresponding parts? What part is connected 
to what.? What is the role of the non-conducting parts, if any? 

3. After having analyzed the construction and nature of the socket, 
you should start using the one you built as a convenient mounting 
for. the' bulb. . . .. 
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4« It may be helpful at this time to have a closer look at the bulb. 
Examine an available broken bulb. Are there any non-conducting 
parts in the construction of a bulb? If so, what is their - 
purpose? i«e*« what would happeI^sif the non-conducting parts 
were riot present? (You can test t&ltsyout for yourself.) 

Build a switch of your own following the' procedure outlined on one 
of the attaphed pages, 

1« Obtain more wires and investigate the nature of your switch -in ^ 
exactly the same way you investigated the construction and 
nature of the socket^ Obtain a standard cer^ic switch and 
, investigate how its construction is related to the one you built« 

2. Investigate how the switch is used to turn the bulb on and off • 
Keep a careful i^^ebook record of the configurations you use by 
drawing diagrams all cases. (Consult a staff membjsr f or 
vice as to convenient and widely-xxsed shorthand symbols for the 
various elements that make up a diagram elements such as 
battery, wires, bulb, switch, etc.) 

3m Explain in your own words how the function of the switch is re- 
lated to the baSic ideas you established in Part A above. 

"Build more sockets, obtain more bulbs and wires, ajid go on to investi- 
gate the behavior of systems in which you light more than one bulb 
with just one battery. * . , * 

!• How many arrangements (basically different from each other) can 
you discover? What are the essential differences between them? 

2« What relationships can you discern between these arrangements 

and various aspects that you encounter in household situations? 

Investigate the behavior o^ systems in which you light one bulb with' 
two batteries. 

1. How many arrangements (basically different from eiach other) can 
you discover? What are the essential differences between them? 

2m If you left ome bulb connected to each of .the different arrange- 
ments of tw^patteries , with which arrangement do you think the 
batteries would last the longest before they ran down? 

Throughout this sequence of observation, investigation, and experience, 
you can be evolving a '"model" or mental picture of some sort of "flow'' 
in. the systems you are manipulating. A moj^el of this sort does not 
spring* up full blown and complete in all aspects and details from the 
very first steps. . It evolves, slowly from initial, crude, undetailed, 
incomplete notions, acquiring more and more refinement and detail as 
new experiences are added to the earlier ones. (We cannot hope to 
<.attain a rigorotisly detailed and complete picture out of the 
very limited sequence we are following; we must be prepared to leave 
various significant aspects open and unsettled.) 
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As you accinmxlate and continually review your observations and ex- 
perienceSy including the electrolysis experiment in 6,2, consider, 
the following questions: 

!• What experiences add together to^ suggest a iDodel of an 

intangible flow of some sort in the sys^tems under consideration^ 

2. Is* it possible to dediice a, direction of such flow from any 
of the sitxiations dealt with? ^ 

3. Can ypu sei^e on any observable effects as possible indicators 
of sdtoe sort of "intensity" of the^ flow? 

4. Is there any evidence of decrease in intensity in going from one 
side of the system to the other? i«e*. Is there any indication 
that whatever may be flowing is disappearing or being "used up"? 
If flow is not being used tip, then how could you verbalize in a ^ 
simple way (without using technical terms. you don^t Icnow the 
meaning of) about what is being used up? • ^ 

5» What hints do you discern in your own observation that fixed and 
deeply related amounts of material (hydrogen and oxygen) are 
, liberated at the two sides of the system in the electrolysis 
' experiment and from the fact that,* when a battery runs down, 
chemical changes take place throughout the entire body of the 
battery, not just at one side? 

6. What inferences about factors controlling the flow can be drawn 
from the investigation of part (D)?- Is the intensity or the 
amount of flow through each bulb the same for the different 
arrangements you investigated? 

While considering these various aspects of the flow model, sound 
out and exchange ideas with other students and members of the staff. 

The following investigations may help to confirm or refute your ideas 
about the flow model and some of the questions raised in part F in 
this connection: 

1, The wires yo.u have been using in your investigations are made of 
copper '(or t:id-doated copper). / Is there a difference behavior of 

' systems: when the wires are made of different kinds of materials? 

(Note that the same question arose when you were out investigating 
' the thermal expansion of tubes.), 

2. Investigate the behavior of systems when you insert a length of 
nichrome wire» 

a) What happens when you change the length of the nichrome wire? 

b) What are the observable differences, if any, between systems 
wit6^ nichrome wire and systems with copper wire? 

c) What inferences about factors controlling the amount of flow 
^ can you draw from these observations? 

d) Is the wire which glows in a bulb more like the copper wire 
or more like the nichrome wire?" . * 




-47- 



3» We have several '"wet cells" available in the lab« These batteries 
have a llfetiine of only a few minutes • • . 

4« Investigate^ how long the battery lasts before it runs down 
when you use it tq light different arrangements of bulbs. 

5m On the basis of your flow model make a prediction of the ^ 
results before you do the experiment. Consult a staff member 
before you start. 

'11. When you have completed this Unit to your satisfaction, obtain a Unit 

Checkout and test yotir understanding of the various concepts presented. 





^ MATERIALS: • . . . ^ 

A piece of oDrrtigated cardboard 3^" by 8"; two paper fasteners; two 
^ paper fastener washers; two connecting wires each about 6" long; a 

'^trip'of metaL from a "tin" can (ditto fluid cans work well) 2" by 
3/4" (file the rough edges); and some masking tape, v; 

PROCEDURE: - - ; - 

Bend the "tin" can strip as shown in Fig. !• Be sure to crimp the 
corners where the strip comes in contact with the cardboard (if you 
want to keep the switch from pivoting - another version is possible) • 
Pound the fastener hole with- a nail. Be sure to scrape off any paint 
where electrical contact is made'. Why?^^ 

Make a knife cut halfway through the cardboard so that the cardboard 
is divided (but still held together) into two 3" by 4'| halves. ' 

: Pt)ke the paper fasteners through the ^cardboard as shown in Fig. 2 and 
wrap one end of a connecting wire around each paper fastener. Add 
the washers and, pressing them firmly against the wires aijd cardboard, 
bend over the ends of the fasteners. Tape the two halves of card- 
board together as shown in Fig. 3 and the switch is completed. 

Note: There are many other uses for this general form .of switch. Could 
you design one^ for a different purpose? 





MATERIALS: 

A piece of corinigated cardboar'd approximately '3" by 8"; two paper fasteners; 
* V two paper fastener washers; two. connecting wires each about 6" long; an 8'L 
piece af #i8 wire (copper) uninsulated and preferably tinned for the lamp 
support; a threaded flashlight bulb; and some masking tape. 

PROCEDURE:/ ' , ^ . . _ V - 

>. - • ^ * - ■ ■■ ^ 

' Make -a knife cut halfway^ through the cardboard^ so that the cardboard is 
divided .but still held together into two 3'* by 4" pieces/ Poke holes 

through the cardboard with a nail and i^^ paper fasteners. Wrap the 

y ends of the connecting wires arouiSd the paper fasteners ^s shown in Fig. 2. 

Wind the lamp support wire around^ the light bulb and shape it. as^ shown 
in Fig. 1. Placing the tip of the lamp on the paper fastener head, mark 
where the lamp support wire ends should penet^rate the cardboard and poke 
holes at these points. Insert the support wire and wrap one' end around 
the outside paper fastener. Bend the other end over for support EXIT DO 
'NDT^ FASTEN IT TO THE CENTER FASTENER. 

Add the paper fastener washers arid, pressing the washers tightly against 
the wires and cardboard, bend over the paper fasteners. Be sure that the 
paper fasteners do not touch each other . Fasten the two pieces of card- ; 
board together with masking tape and the lamp receptacle is complete.* 

Conixect your socket with bulb screwed into the support wire to a battery 
. and be sure the bulb lights. . If it does not light, check all the precau- 
^ tionary measures mentioned above. ^ 

ERIC 
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ELEHENIAK^ SCIENCE REFERENCES 



Batteries and Bulbs (4-6) 
Batteries and Bulbs II (5-higher) 
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k ■ ' • » . 

Part E, Exercise a. — Inferring Connection Patterns Ih 

Electric Circuits* 
V Part E, Exercise i. — Electric Circuits atid Their Parts • 
Part E, Exercise j# — Conductors and Non-Conductors. 



Interaction and Systems , Chapter 18 Electric Circuits 
Interaction and Systems, Chapter 19 ~ Objects That CaA Close A 

- , Circuit 

Interaction and Systems, Chapter 20 — Electric Circuit Puzzles* 
Subsystems and Variables, Chapter 1 — Investigation Systems and 

Interactions* 

Subsystems and - Interactions , Chapter 5 — Electric Circuit Puzzles 
Models t Electrt^ and Magnetic Interaction^ (Entire Unit)* 




Unit 5 ^ 
Checkout 



FORM A 



Physics 21lAv^ 
2nd Semester, second year 



!♦ The graph below shows data points for experiments in which different 

amounts of magnesittra were combined with a fixed ^ja6unt of hydrochloric 
acid to yield magnesium chloride and hydrogen. In answering the 
questions below, please refer to this graph Explain all answers . 




1 1.2 1.3 1, 



MASS OF MAGNESIUM 

a) Which region of the graph shows data points for experirf?nts in 
which all of , the magnes.iuia was used up. 



^ b) Which region shows data for experimen^rs in which ther-e* was 
^ magnesium ^le£t over? 

c) What is the rat iof of the mass of magnesiun: chloride to the mass 
of magnesium that reacted? ' * 

• .• ■ •■ ' ■ , .] ■ 

4^ How can we explain the fact that the ratio of the mass ^f magnesium 
chloxide to the mass pf magnesium that r-eacted with the ^^acid is 
the saine for all experiments? . \ 

2. Consider,, the' following experiment in which. 4. Og of A is heated very 
' Strongly, resulting in a new substance B of mass 4.7g. 

. ' 

V a) Could either A or B be an element ."^ 1£ so* which one (s)? If 
. not,. why no t;^ . . • 

J Gould both A" and B be elements? Why? ; 

3. / ito Problem 7, p. ISS in your*text.' , . ' " ' 
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Physic^ 21'1A " UNIT 14 2nd Seines ter, second year 

<£j- PUTTING ON THE PRESSURE 

(Molecular Motion Can Really Be a Gas!) 





INTRODUCTION 

* . ■ 

In, the past several units we have experimented with materials that are both 
easily seen and readily handled. Indeed, our g^eralizations regarding 
motions of objects and the forces that govern these motioiiswere a result of 
observations and inferences related to the behavior^ of such things as pucks 
and carts. Are the same rules reardily transferable^ to the inolecular realap? 
To investigate this we now turn to motion at, the molecular level, utilizi 
some of the properties of gases that ^e inferred- from earlier studies of the 
states of matter. We will attempt to learn whether, the behavior :;of gases can 
be explained by a model that assumes .molecules to be subject to the same laws 
oY motion as* macroscopic objects. ^ 

■ ^ ' ' '■ ■ ■■• ' ■ ' ^ ■ ; 

OBJECTIVES ' , \ , ^ ; 

Upon complet:ion of thia unit of study you should be able to meet the following 
objectives: - 

1^ Define pressure in. general and*^n particular describe how the 
pressure of a gas may be related to molecular motion. 

2.. DefineVtemperatiire in terms of the molecular gas model • 

3. Explain, using the molecular mode-ty how separate gases mix 
together when placed in contact.; 

' 4. State in your own wo^s how the pressure, volume, and temperature 
of a ^as are related. ' ^ ' . , 
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ACTIVITIES 

■ * 

I. For the most p^rt, the activities of this Unit will consist of selected 
readings and experiments associated with Chapter 10 in the CIPS text 
with additional activities from the PPC Handbook* 

A* Read CIPS, 10.1 to 10. 5* 



B. ,po Experiment 29^(Part I) in the Project Physics Handbook, ^.200. 

C. D6 Experiment 10.6, CIPS. 

D. We have set up in the laboratory three or four gas-model machines 
of the type illustrated on. p. 275 of your text. Experiment with 
these models by investigating the behavior that results from 
changing the number of spheres, .the number of pistons, and the 
voltage to the motor. "What role' does each of these variables 
play in the mode"k. Read Secti-on 10,7, CIPS. 

II. Upon completion of the SLCtp^^.i&s in Part I above, and drawing upon your 
experiences from earlier unijisi' especially Unit 10, you should begin to' 
formulate answers to ^such qtl^^ions as? 

A* In the, case of a gas^ how- would you visualize the behavior of the 
molecules? What do they^do to each other on collisions? Describe 
^in terms of visible collisions that you can arrange yourself ^mong 
the pucks that can be made to slide around on the air table. How . 
do they move between collisions^?. What happens when a molecule col- 
lides With a wall of the container? What is the effect on the 
molecule? On the wall? What would ybu feel if your hand were suf- 
i ficientiy sensitive to detect a single colliding molecule? What do 

you see. to be the overall effect of millions of millions of millions 
of collisions taking place over every bit of wall surface in the con- 
\ " tainer? How might the effect change if the speeds of the molecules 
were -increased? . Decreased? 

R,.' JWhat might be the e ^:3ntial difference between a liquid and a gas, 
i.e., what kinds of .ctions or interactions might you appeal to for 
holding molecules together in the aggregation we call liquid (or 
solid, f cm: that matter 5^? What would happen €0 the velocity of a fast 
tE&lecule as it emerged through the liquid surface and proceeded to 
move further and further away from its originally close neighbors in 
liquid, escaping into the gaseous region where its neighbors are,. on 
the average, very far apart? Do you see any analogy between the be— 
havior of the molecule while it is still close to the liquid surface 
and the behavior of a ball thrown up in the air? Why does the mole-^ 
QUle not come back "down*' immediately? Might it get back into the 
liquid eventually? If so, by what process? 

. C. In the light of the concepts we have been developing and extending, 
thinking of interactions such as push, pull, attraction, etc, 4iow 
, would you try to^ account for the observed fact that solids are very 
hard to pull apart (or stretch) but are also very hard, to compress^ 
(or squeeze together)? ^ • 

ERIC ' ' . ,;'.:.5- ■ ;„■■;'■■/■ 
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Ecosystems Unit 



BIOLOGY 205N ' 1st Semester^ third year 

An Aquarium ^ Terrarium System 



A great deal of our work in this unit will center around the studies 
we shall make of organisms and their surroundings in an aquarium-* terrarium 
system* The initial activity of these investigations involves setting 
up the system* 

1* Ifeterlals: 



A* 



For a group of 3 

1. One aquarium tank with partition 

2. vbne water sprinkler 

3. One light source 



For the class 
1. Soil 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 



Sand 
Rocks 

Assorted seeds 
Anacharis (p<)nd weed) 
Algae 6ulture 
Daphiiia culture 
Guppies 

'*Mystery" snails 



10. ' Pond snails 

11. Tadpoles 

12. Crickets 

13 . Chame leons 

14. Frogs 

15. Mealworms 

16. Drosophila 



Setting Up the System and Adding Plants > 

A. . Procedure: < 

1. Fill one side of the tank with soil to a depth of 
approximately .2% inches. The soil surface need not be 
level, it may slope, or it may be terraced with rocks. 

2. Select at least 4 different types of seeds from those 
supplied and plant as many of each type as your group 
regards as^^desirable. Be sure to note the type of seeds, 
the number ^of each type (except for small grass and 
clover seeds) and the positions of planting. 

3. Water the soil after planting. 

4. Place about 1 inch of washed sand in the other side of 
the tank. Fill with water to a depth of approximately 
5 inches. If you use fresh tap water and not aged 
water, add 7 drops of "Aqua-D-Chlor" to dechlbrinate th^ 
water. ^ ^ 
Once the sand has settled in the tank, take^ 2 or 3 
sprigs /ii^f Anacharis (pond weed) and plant thein in the 

,sand. ^ 

Add about .50 ml of the algae culture to the water in ^ 
the aquarium. 

I -7. Place the tank close to a light source so that both 



5. 



6* 



des are providied with lights 
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8* Observe the system carefully throughout the length of 
the activity, ensure that the soil is adequately 
watered • 

(a) Did all your seeds gerniinate? If not, how 
can you e3q>lain why? 

(b) Are all places in your terrarium equally 
suitable for seed germination? Explain. 

(c) Is it possible to detect the presence of^ the 
algae in the aquarium? Explain. 



II# Introducing Daphnia into the System 

About a week after setting up the system add a given quantity of 
the Daphnia culture to the aquarium. 



Ill* Adding other Animals to the System 



1. About two weeks after adding the Daphnia and when the growing 
plants are well established, add the following animals to the 
system. You will be advised of the maximum number of each 
available to your group, 

Guppies Crickets 
^'Mystery" snails Chameleons 
Pond snails Mealworms 
Tadpoles Frogs 

Drbsophi^a y 



Once the animals have been introduced observe, the ^stem care— 
fully and record your observations. If possible, you should 
arrange for a laember of the group to observe the system one 
or two times a day over the next three days. Observe long 
enough to answer the .following questions. • C 

(a) Do any .organisms move between the aquarium and the 
. terrarium? If-^o, which ones. 

(b) What happens to the size of each, population of 
organisms over the course of time? 

(c) Record the- location of all organisms. "Do they 
remain in one location or do they move about the 
whole system? o ' ^ 

(d) . Describe how each type of animal gathers food, i.e., 
' what does it eat and how does it get it? 

(e) What happens to dead organisms? 
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Questions on Readings 

1) List ail the» organisms on earth that you believe exist by causing 
an imbalance of world ecosystems. 

2) What problems appear to occur as a result of irrigation of 
agricultural lands? What is the alternative to irrigation? 

3) What problems , appear to occur- as a result' of the application of • 
pesticides in agricultrual environments? Wh^t is the alteimative 
l!0 the use of pesticides? 

4) From your reading ydu have seen that phosphorus may be a limiting 
resource because it does not recycle rapidly through the ecosphere* 
One could argue, then, that man could aid the process by releasing 
more phosphorus into the environment, yet in some places laws have " 
been passed prohibiting the widespread release of phosphorus in 

the form of phosphate in detergents. How do you explain this 
^parent contradiction? 

5) Recently, millions of chickens ^had to be destroyed because they 
had become contaminated with dieldrin, a powerful pesticide which 
is chemically similar to nerve gas. As dieldrin is absorbed into 
the sap of plants. It can be used as a spray to kill plant-sucking 
insects such as aphids. - 

, Suppose that you make a living by growing lettuces. The law 
allows you to spray your crops with chemicals such as dieldrin to 
control damage by insects, up to but no later than six weeks prior 
to harvesting the lettuces. You comply with the law and find that 
your lettuces tend to become wilted and damaged due to insect 
attack a few days before harvesting. Consequently you cannbt-^^ell 
them for a good price. In contrast, other growers bring crops, 
undamaged lettuces fo market and sell them for good prices, so you 
are developing a poor reputation in the market. 

How do you explain the situation, and if it was real, what 

- would you do? 

6) Daring this unit, you have been introduced to some basic consider* 
atlons- about relationships between organisms and' their environment. 
This introduction, should help you. to better understand the 
environmental problems that man is facing at the present time, and 
it should also help you realize that solutions are not simple or 
obvious . ^ ^ [ ■ 

As a teacher, you may take one or several courses of action 
with respect'^ to teaching children about environmental responsibility. 
• You may; . > 

— — :ignore the problem altogether, especially if the children 

you teach are very young; 

- attenq>t to Indoctrinate them in your beliefs about the . 
problem * ' - 

* try to present all -points of view on the problems;- 

- give them occasional warnings; . ^ 

• or some other form of response. 



What will you do, and why? 

6s. 
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■ ' / •• ■ ■ ' ' ■ 

De compb s j C xpn 

l^ils activity represents one of a series of investigations we 
shall tindertake to explore the ' relatiotxships which ex is^t among 
organise and their surroundings. As this activity is of a re la- ^ 
tively long-term nature, we will begin it now so that results will^ 
be available in a few^ weeks time. 

!• Objectives: 

Upon completion of this' investigation we should have 
^ <• obtained information about rates of decomposition and 

factors which affect decomposition of different kinds 
. of organisms. 

' 2* Materials ; - ; 

a. plants ; : ) 

b. dead animals =^ / 

c. sterilized washed sand 

d. sterilized vials and 'caps 
^ e» sbir 

f.- antiseptic solution 
water 

h. light source 

i. heat sources 

3* Procedures:^ ^ . - 

Select a partner to vork with^ 

Use the materials listed above or any additxbnal 
materials you may need or want to set up an experi- 
ment or a series '©£ experiments which will attempt 
to answer the question: 

What factors affect the decomposition of^ 
dead organisms? ' ^ 




of 
ions 



As you set up your experiments, keep a record o 
what you have done and list any specific questi 
your experiments attempt to answer. 

During the next few veeks make regular observations 
and. record them. Remember you have more than one 



sense « 
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' / 

INTERRELATIONSHIPS BK tWEEN PLANTS ANIMALS 

' - — 

Introduction : 

. Our investigations into the interdependenqies of populations 
o£ organisms living in the same general environment has led us to 
develop the concept of an ecosystem ^, We have discussed the flow 
of nutrients through an ecosystem, but there are other factors 
operating in an ecosystem which we should consider. 

2. ^ Objective ; 

In this activity ve shall investigate s-ome of the relations- 
ships that exist between plants and animals and their environment* 

3 . Materials and Equipment ; 

1. Screw top jars — 4 per group 

2. Drinking straws 
3» Medicine droppers 
4* Molten paraffin wax 
5m Paper towels 

Brom-thymol blue solution (0,1%) 
?• Dilute ammonium hydroxide solution 
8m Mystery snails (2 per group) 
• 9* Anacharis (2 nine inch lenghts per group) 
10m Deionized water 
111 20 ml beaker (one per group) 

4. Procedure: ^ r 



(a) Select a partner to work with. 

<b) Rinse a 20 ml beaker or some other small container with 
de-ionized w£._ r and then half— fill the bieaker with de-ionized 
water. Add brom- thymol blue solution a few drops at a time until 
the water 'is visibly colored when viewed against a white background^ 
Now carefully add some ammonium hydroxide solution, a drop at a 
time, until the water turns blue. 

'(c) Take a drinking straw and blow into the water in the 
beaker for about a minute. ^ - 

(1) What happens to the color of the water? 

(2) What is your breath adding to the water that may 
cause the change? - « ^ t 
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(3) liay other chemicals also catise ,such a change when^rt 
added water ..colored blue with brom-thymol blue^\ 



(d) Rinse 4 screw-top jars in de-i ionized water and then 
half •fill each one with de-ionized water # In one jar place a 
■•mystery"^ snail, in another place a length of Anachar is . Do not 
place any organistns in the fourth jar, 

(e) Use broii>» thymol blue solution and ammonium hydroxide 
solution to make the water in each jar blue and then fill each 
jar to the brim with de-ionized water. Screw tops down firmly, 
dry the jars and seal the tops by inverting them into molten 
paraffin wax, 

(f ) The jars should be placed on a window ledge where they 
are e3q>osed to daylight for most of the day. They should be 
observed three times a day — early morning, midday and dusk — for 
a period of 4 or 5 days, and the color of the water in each jar 

'noted on each occaseion. , ' 



Discussion: 



(4) What is the purpose of the brom-thytnol blue in 
these jars? 

(5) Why have the jars been carefully sealed? 

(6) Would it be correct to call each jar an "ecosystem"? 

(7) What is the purpose of the fourth jar? 

(8) What hypothesis or hypotheses will this experiment 
t^st? V 

(9) ^ - '^or each hypothesis mentioned in (8), write a 

prediction. 



Results ; 



(10) Prepare a table of your results. If they differ from 
your predictions, attempt to explain why. 

(11) Have your hypotheses been confirmed or not? Explain 
in each case • o 

(12) Is it possible to draw any cone lus»ions 

(i) , from your own result:s?. 

(ii) £rom the class results? 

Explain in each case. " ' 
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PHASE II - / 

The Pxirdue university underrrradtzate Pre-Service Teacher Education 
Program (UPSTEP) commenced in the fall of 1972. Phase I covered the 
first three years of this project 1972-75, Phase il covered tJie last" 
turo years of the project 1975-78, sixty three participants- started in 
the project. Four years later thii^ty seven nvembers of the original 
group graduated with baccalaureate degrees in elementary education. 

of the twenty six participants who did not complete the project, 
six participants disengaged themselves from the/project at the^ freshman 
level fo3: a variety of reasons ranging from social to scholarship 
problems. Nine students transferred to other \iniversities for economic 
and/or social reasons. Three p3rticipants married, became mothers, and 
dropped out of the university- Eight participants changed majors. 
TJais probably was a conisequence of the early component of the project 
vhereii^ educational science methodology (1st semester, freshman level) 
and early and continued field experience with children (2nd semester, 
freshman levei through the end of the sixth semester, jtmior level) >^as 
initiated- it i^thought that this coicponent of the project permitted 
an early and continued association with" teaching and cbil<ir en allowing 
participants* to make an early assessment as their desire to stay 
vith teacljifigras a profession. These eight participants sxibsequently 
moved" into other academic areas within. the /u^iiveirsity, and later re- 
Ceive^J baccalaxireate degrees from Purdue University. 



Of the thirty seven graduates of the foiir year UPSTEP projects 
three continued their education and enrolled directly in Graduate 
School- Twenty one former UPSTEP members secxired immediate employment 
for the year l976-'77. Seven mem&ers secured teaching positions mi 
year^ 1976-77. Three members xuarried and moved to^tjniversity communi'- 
ties such as Ithaca, Nevy York/ etc. These graduates were unable, to 
obtain, enrployment- Teaching posi'^ions in university coimmanities are'' 
always .at a premium due to. the laxge supply of. tea^chers^. who are wives 
of Graduate Students,^ ' 

Becatase of geographic location, grade level (primarily kinder^ 
garten/Nursery) , or lack of consent ' from the participants' school 
principal regarding testing of -stucJents, et^ only fifteen of the 
twenty-one, employed UPsTEP graduates qualified* as viable candidates 
for the final or In-service isegment • (5th year) of the project. 

During Phase evaluation of the reidaining UPSTEP participants 

continued. Data was obtained from th^se sources: 1) UPSTEP partici-- 
pants (seniors - 1975-76 involved in their student- teaching experi- 
encesr 2) In-service teachers (UpSTEP gra<iuates, 1976-77) / and 3) 
Elementary school students (students -^sraP In-service teachers 
^ 1976-77) , Tests were administered^ a,^ allows: 

5 

OPSTEP Seniors ^ - ' ' . ^ . 

Pretest: FallJ 1975 

y - 

a) Conc?^tual Systeins, Test A (O. j. Harvey) 
. . b) Teacher Concerns Checklist (F. f- Puller) 

c) Bratt Test of Attitude Towards Teaching- emd 
Teaching Science (M. Bratt) 

, ■ ■ . ■ • : 7 



^ ALL upsTEP Graduates 

Posttest: Spring, 1977 

a) Conceptual Systcmsr Test b (O. J. Harvey) 

b) Teacher Concerns Checklist^ (P- F. Fuller) 

^ ' c) Brat't Test of Attitude Towards Teaching and 

Teaching science (M.. Bratt) 
Students of UpsTEp In-service Teach^ers * 
Pretest:, Fall, 1976 

Science Teaching Checklist (M. Golman) 
Posttest: 'Spring, 1977 
. ' Science Teaching Checklist (M* Golman) 

BRIEF DjSSCRIPTION OF THE TESTING INSTRUMENTS' ' . . 

Conceptual systems. Test. A and (O. J. Harvey) . > ^ 

y The Concg p tual Systems Test (see Appendix A) was developed by 
J. Harvey (19 70) as a jneans of identifying the belief systems 
- held'J^y individSais. ^The test consists of twenty-seven items uti- 
lizing a Likert-type response sheet. Use. of the test correlates 
highly (0.91) with the finding of the initial, interviewers of the 
test who conducted extensive and time-consuming discussions" amd 
interviews with individuals to assess their basic beliefs. The 
test was selected becaxise of the expediency with which, a belief 
system can be identified an <i previously identified correlations of 
t^ instruioen-t with a teacher's .inquiry techniques <Muxphy/ 1970). 
The Conceptual Systems Test measures or identifies four belief systems 
These four belief systems range from very concrete to very abstract. 



r 
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: Harvey^ describes the belief, categorie^-as follows : / > > 

■ • ' '■ ' ^ ' ' ' - • - - ' " 

c System.!' is chjafafeterized by sucli things as hic^ concrete- . - :. 

ness of beliefs; high ajjsolutism towkrd rules and roles; ^ strong 

f tendency tso - view the world iji an overly simplistic, either-or, 

^ * . ■ ■ . ■• ■ , ' ■ " ■ ■ 

* ^bl^ck-white way; a strong belief in ST:^ematxiralism and inherent 

truth; a strongly positive attitude toward tradition and authority; 

the relative inability to change set or, thinks- creatively . 

System II persons- are charactierized as having strong negative 
attitudes toward institutions, traditions, ana^ social referents; 
are. low in self esteem, highest, in alienation and .cynicism; needs 
keenly t«7 trust' and rely upon other persons, but fearing to do so 
because of potential- exploitation by others. / ■ 

. . ■ A System lir belief system is reflected in a, strong outward 
emphcisis Won friendship; interpersonal harmony, and mutual aid; 
manipulates others through establishing dependency but guises this 
need to copxrol others as a desire and need to help others. 

System IV "belief system manifests itself in information- ^ 
^ ,. seeking, pragmatism, high ability to change, set,. withstand stress-, 
and behave creatively. ' . , 

■ • f;* 

Teacher Concerns Checklist , (F. F. Fuller) ^ . ^ > f .--^''^^ 

Francis Fuller (1969) has suggested that in order to harness 
motivation for learning in teacher education programs, notice 
should be taken of the expressed needs and- concerns of. teachers." 

. , t o . • ■' 

She also posits. a developmental trend in t^pes of such expressed 
concerns as the respective teacher goes » through educati'On. Spgit 
cifically, two \^pes of concerns wer: identified: cpncerns^p^aixDUt . 
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benef it to self -and concerns about beherit to studerits. It was y. ^ 
. * , - thus hypothesized that concerns about self . are less mature than " . 

concerns about pupil needs eoid the latter gradually replace the » 
former- as^ the teacher progresses through teacher training 

/The Teacher Concerns CJiecklist (TCCL) (see Appendix B) was ^ 
: ^ principally the result of Francis Fuller's efforts to assemble an 

easily administrabler qxritikly scored instrument which would note 
the major areas of concern of teachers. The TCCL requires approxi- 
mately ten minutes to complete. The -instrxment itself consists of ^ 
56 liikerjb-iicaied items. Five categories are considered.* These. 



categories a^e: 1) Concerns about teaching^ 2) Concerns a. at 
personal adequacy^ 3 J Concerns about being acc^ted and liked by 
pupils^ 4) Concerns about the teaching role, and S) Concerns about 
the needs of the students. Reliabilities of total scores incor- 
porating five subscales have been established at .82. The pretest 
and posttest used in this study- were identical. 



Bratt'Test of Attitude Towards Teaching and Teaching Science 

A major component of the UPSTEP project was the humanistic 
approach utili2:ed throughout /Phase I (1972-75) and the . continued 
application throughout Phase 11^(1975-77). This approach consisted 
)tf the utilization of a permanent cadre of staff members who ^ in a 
variety of ■ changing roieSy .progressefd ^^i'^dl^^^e parti ci'Jjants through- 





out, thei^r■ Jfoiir year undergraduate progxam^^^mis approach .continued 
into the 'f if t±i (In-^ervice)o year. The staff constantly addressed 
themselves to' the continued marn^ge of ^content acquisition ^ to^ 
continued science inethpdology^ to .early and continued field 
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experiencfe with : childre^i, to student teaching ea^Jeriences, and 

: ,■' ' ■ ^' . ■■ • ' ■/ . ; '• •■ . "-• - ' • ■ 

inhere ^ppixcab'l^ to the participants! In-servi<:e teaching. This ^ 

*•'■-« ■ ■ .. ■ •■ . ■ ,. ; 

continuous staff involvement more closely matched staff resporisi- 

' ' " ■ ■ ■ - ■ ■ • 

bility to, the end product — the training of outstanding elementary 

, teachers in science- This continued, involved staff teaching ahd'"^ 
st:5>ervis ion with its continued -close association with students and 
considerations given to individual strengths, and wealcnesses was 
studied to determine the iiri)act on science-related attitudes'. ,\he 
instrxnnent used for this part of the cinalysis was the Bxatt Atti- 
tx2de Test (see Appendix C) . This test also known as the* BAT test, 
consists of 60 intellectual and humanistic science and science 
teaching attitude statements ./ Response to the items is on a five- 
point semantic differential scale (strongly, agree to strongly dis- 
' agree) . Intellectual attitude' statements were based on knowledge 
pertaining to^^the teaching of science. Humcinis tic. attitude* state- 
ments measured enotional feeling towards the interaction between 
the teacher amd student- ' 

Science Teachijxg Checklist {M. Golman) - ^ 

.The ^Science Teaching CThecklist (Lehman^r 1969) was originally 
designed to assess ^the inquiry teaching" behaviors and interpersonal 

relations of student teachers as they were involved in the teaching 

■ ' • ■• * ' 

of science* Ratings were made by the students of-^these student / 

. ■ ' r ■ ' ^ ' ■ ' "... 

teat^ers- The . instrument as used in' thi^ study was a modification 

of Lehman's gcience Teaching Checklist (see Appendix D) by Golman 

(1973) to include only those questions vAiich assess inquiry be- 

haviqrs of teachers. In the revised form a reliability coefficient 



• Was calcula^d tib be 0.93. The. scores of t-be students of the > 
dPSTEP In-service teacher^ were averaged, and the average was as- 
■ .J signed to that, teacher. Pretest and, posttest Science Teaching 

:/ : ' * - ' ' • ' : " ' ' ' ■ ' / ■"■ . ' . . ^ ^ ' y 

tf" .CheckJ-ist were con^ared and differences noted- : 

; . .. . ^ ■ "^e^ .• , • . ■-, • . . 

RESULTS OF O. j. :HAKVEY> FRANCIS FULLER, AND M. BRATT TESTS 

J'. Harvey afid Frauicis Fuller Test Results w 

Pre-posttest comparison of scores cmd variation- for the O. J. 

'■ ■ ■ ' ' • ' ' ' . ' • 

Harvey . Conceptxxal Systems, and the Teacher Concerns Check List 

(TCCL) has taken a number of forms ;^ fi^st, eis a simple comparison; 

of Fall^-1975) and Spring (1977) "means. For those sub jects upon 

■which pre-post data were ^^^ilable Cn=22) ', the 1975 mean conceptual 

systems classification was 2.41 and 2.77 for 1977. This may be 

somewhat misleading as there were no System II .classifications for 

either group. Nevertheless, at- test for correlated data indicated 

a slight^ but nonsignificant increase over tinie (t =f -.97;.. df = 21; 



= .34 for t^b-tailed testV "1975 minv^ 1977 scores) .. Similarly^ 
a t-test ' (pooled variance estimart:e) of mecins for subjects who had 
taugfit in the interim (n = 14/ x = 3 :07, s = 1.21) as opposed to 
those who had not) n = 16, 3t = 2.31, s = 1.39) was nonsignificant, 
(t = 1.59, df = 28, £ =' .1' ^ . 

Pre-posttest differences on all five scales of the TCCL were 
nonsignificant. Pre- and posttest groiip statistics and results of. 
t-tests for correlated data are pTOvided in Table One. However, 
posttest scores onv two scales for students who had taught during 
the interim differed significantly from those who had .not. In- 
service teachers were significantly (£<.01) less concerned about 
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PRE-POSf STATISTICS AND t-TESTS FOR 



tRRELATED DATA (N = 22). 



'\ MEAN " \S.D. 



0 ■ ■ *. 



^VALUE 



df 2-TAIL ?-JBAE!LITY 



.TODENT ACCEPTANCE 



BEING' OVERNORKED 



SfODENT DEVELOPMENT ' 



POWER STRUCTURE 



CURRICULUM INFLEXIBILin 



ERIC 



1975 



1975 



1977 



1975 

f 

:^977 



1975 



•2.545- 



1977 . . 2;.895' . 



2.227, 



2.257 



1975 ■ 3.'803 
[1977 . ,n3.969 



2.742 
2.758 



3.090 



1977 . 3.106 



.863 
.765 



-1.77 



.887 



:.810 



- .16 



.657 ^. 
.563 



-1.28 



.872 
.735 



.10 



.764 



.717 



.08 



21 



21 



21 



"21 



21 



.05: 



..877. 



.215 



.923 



.937 



•69- 



bexxig overworked and aix:>ufc ^ctirriculum inflexibility (£<.0i) - All . 
data concerning ^in-service smd non-service group scores , and differ-jj^ 
ences ^ as evaltiated <via t— fcests Cpooled variance eistimate) .are 
of fered :Si Table T%ra. rnie latter fin<iLng- suggests that extended • 
fxeid experience leads to the attitude, that integrated science . 
pro'cesses ,can be taught ^under many crxrriculum structures. ; Thos^ 
less experienced apparently tend to feel that these processes can 
\pnly be taught vin the mo^t flexible of curricula. 

' A more revealing analysis . is that of the interelationships 
among the subjects' 9. J-- Harvey^ emd'TCCIi scores ^ MuXtiple.' linear 
regressions (Nie; et^ aT. , 1975) of TCGL sub.scales bn O . . Jv * Harvey . *\ 
classification (OJH) were conducted for 1975 and, 1977 d^ta. Re- 
gression analysis for tfhe 1975 data produced an equation which 
utilized only four of the five TCCjL siabscales- with a multiple R of 
V42 (n = 27/ ;£<J05)::' - * / ; ' ' " ^ j • ' ' ' 

OJH = .838 x Curriculum Inflexibility 

+.767 X Power Stxucture 

-.561 X Overwork ^ -r, 

-.541 X Student Development 

+1.129 

Frx>m these results, one might conclude that measured beli« 
systems conducive to teaching integrated science processes is ; 
associated with relatively strong concerns about curricular in- 
flexibility (r = .28)/ power structure (r = .20) , a lack of con- 
cern for work load (r = -.02^ and student development (r = .02) . 
•Negative regression weights cannot be tonstrued as strictly 
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*0^SB%CENr-l4' 
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he^a^ve relationships as they serve to suppress the overestimating 
positive weights. Concerns about student acceptance are totally 
unrelated to belief system for the 1975 data. 

A similar analysis was conducted for the 1977 data with stur— 
prxsihgly different results- The final * regression e<iuation for , 
these data inclvided all five TCCL subscales and yielded a multiple 
R of .66 (n— 30, £<.Odi) : 

J OJE = ^—•871 X CurricuLliaia Inflexibility . < 

■ , ■ 4-,512 'X Student Acceptance 

-.469 X Power Structure * 
' • -P.293 oc Sti^^^t Development-. 

-038 -X .Overwork . ' 

- +4-340 ■ ■ u ■ ■ ■ ' 

These results aret startingly dissimilajr to the 1975 findings. 
Belief systems conducive to the teaching of integrated science pro 
cesses for 1977 data are now related to a characteristic laclc of 
regard for curriculum inflexibility' (r = ^-57), some need for stu- 
dent acceptance (r = ,02) , an<5 lack of concern for prevailing 
power structures (r = - -47) student development (r == -.14) ^ and 
oveirworK: (r = -•lO) . Further evidence for- the dissiiailarity J^^^ 
tween- tlie two sets of relationships can be . found in the fact that 
the 1977 data fiijtinto the 1975 regression equation yielded a ^^on- 
significsmt multiple R (R = .007) . , - - 

What is indicated by these findings is that in the. year that, 
followed graduation, belief sy steins of 3Xjhjects as ;a whole ^ change^ 
from a relatively inconsistent amalgairi of concerns to one which is 
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certainly more consistent, etnd.for the'most part, logically explain— 

. . • ' - " • . • ' ■ • • . : *. - . - - 

. able, A troxabling: finding is the apparently stable lack of concern 

for student development. Despite this negative relationship, the 

meajci value for concerns in this area (3.-87) is not significantly 

different from the vaiue of the TCCL norm group (S-.SO) - 

Bratt Attitude Test (BAT) Ifesults 

Pre- and posttest measures on the Bratt Attitude .Test < BAT) 
were available for 24 UPSTEP graduates. CSaihs for intellectual and 
humanistic scales were eXcimined by means of t^ tests for correlated, 
data (2-tail tests o? significan6e) . T^les Three and Four, present 
1975 and 1977 ^groi^ statistics and, .t-tesir results for ihtellecttial 
and hiamanis tic scales > respectively^ .Also ^provided in each table * 
are parallel^' treatments of scale components (i.e., positive and nega- 
tive attitudes). All pre- and .posttest comparisons were nonsignificant 

It is. clear from these results that there was no sijbstarxtial 
change in attitudes, either towards teaching in general, or towards 
science teaching, during the first year after graduation. Apparent- 
. ^ly, the attitudinal character of the group, largely engendered by 
the UPSTEP p'^gramr is relatively stable. 

Science Teaching Checklist Results 

The Science Teaching Checklist (Golman, 1973) is a form that; 
assessejs, JsitucSent per<;^eptibns of inqxiiry l^phaviors. student data 
^ were CO J. lec ted from the -classes of ,10 in-service^Jteachers. at the 
beginning and end of. the first year of in-seifvice teaching. ^'re- 
and posttest admin is tratiori gro'up statistics appeaxC in T^le Five. ^ m 



. B5ATT Attitude test: -^^^^^ scale . 

• PBE-PJ^T STATISTICS AND ' t'M FQR COMJEIATED DATAJJl>^24)' ' 




T-VALDE d£ 2-TilL.PF0Ba5iLlTY 



23 ■ ■.542' 



.113 



..363 



COMPONE^IT 



' • .'• TABLE 4 , 

• ' 'Bte ATTITUDE TEST: • HUMANISTIC SCALE 
.PRE-POST STATISTICS AND _t-TESTS FOR CORHEIATED DATA (N' = 24) ' 



■ J 



MEAN 
L. 



•S.D. 



. T-VALUE 



df 2-TiirrPPOBABILITY 



< 

POSITIVE ATTITUDES 



NEGATIVE ATTITUDES 



TOTAL 



1975 
1977 



38.3a 
.38.27 



4.14 
4.59 



.17 



23 



.867 



1975 

r 

1972 



29.38 ' -4.05 
29.42. 4.81' 



- . 09 



23 



.932 



•1975 
1977 



1 



67.71 .7.09 
67.69 ' 7.89 



.01 



23 



.988" 



TABLE 5 
STUDENT CONCERNS CHECKLIST 
PRE AND POST ADMINISTRATION STATISTICS 



• * 

SUBJECT 


* 


. PRETEST 






POSTTEST 






MEAN 


. S.D. 


. N 




S.D. 

1. 


N 




15.13 


. " 4.70 


.40 ' ' 


18..68 


2.07 


i 

37 . 


2 . , 


12.59 


3.88 

J ' 


J22- 


17.96 


, 2.77 


22 


. 3 

.r 


18;-55 


2:22 


• 20 ■ 


18.79 


■ 2.74 


19 




'23.13 


2.4^.. 


16^ 


24.67 ■ 


1.-95 


15 ^ 




16.90 . 


2.87' 


40 ■ 


18.40 


2.79 


57 


6 


14.84 


. 2.85 


67 


' 20.30 ^ 


2.81 


' 74 


7 ^ 


y 18.11 


^ 2.69 


19 


'17.19 


3.10 


16 


8 . . 


'19.40- 


2.38 


25 

< 


17.89 


3.82 


27 

\ *' 


9 


1*5^35' • 


2.46, 


20 A 


15.85 


2,82 


20 




17.77 


' - /• ^ 


26 ^ , 


' 20.31 


2.95 


. 26 . 


* 

^CQMBINED ' . 


• 16'. 58 


4.03 

/ 

y 


'295 ^ 


19.(fe 


3.30 


313 
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^ A t- test for correlated data shows that 'student perceptions of their 

tea<5iers r iTiquiry behavior indicate a marked increase in perceived 
^^^fectiveness' (t = 2.401, df = 9, £<.05, 'two-tailed test) . 

Summatry of Test Results ' . 

^ The collective findings 'of these previous investigations 
demonstrate a distinct developmental pattern. Although the 
overall attitudinal character of UPSTEP graduates did not change - 
signdficajft:ly in the first year after graduation, specific con- - 
cems^Ttth respect to teaching did tend to \mify in^ a more -con- 



sxstend^-^sy&teiit pf ^^liefs. This system is typified by the theojre- 
ticaJ. formulations of the O. J, Harvey -Conceptual Systems Test. 
Concurrent with this unification is an apparent increase in the 
* ability to teacii integrated science skills as perceived by the 

s-^udents of in— service teachers. 

■ . ' i ■ , 

INQUiFY EVALUATIONS 

Each UPSTEP In-service participant (N - 15) submitted one 

tape per week over a year's period il^^^ll) This .approximates 

24 In-service tapes - twelve per semeste^j^ Each tape sxabmit ted C 

was inteziJreted by each participant as the best lesson tatight that 

week., - ■ ?N V 

- The_se Iiqi-service tapes (total of 348 tapes) were evaluated by 

' ■» ' *. -■* 

two trained tape reviewers . "flfie two trained tape reviewers wer^ 

. ■ 

former- piablic school teachers, " one -of • whom holds a M.S. Degree and 
the othen evaliiafeor* holds and Ed- S. Degree in. Education. " These 
revieweifs p^revioiasly evaluated approximately 150 Pre— service tapes 
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recorded during the UPSTEP participants ' student- teaching experi- 
ence* These Pre-sexrvice tapes were evaluated utilizing .an inter- 
action analysis science' teaching instrument (G. Hall, see Appendix^ 
E) . Thus, it-was felt that this involvement established with ^e 
tape evalxiators a ^well grovmded and consonant measure of validity 
and reliability to evaluate the stjbsequent Inqxairy evaliiation ' 
"tapes. ■ _ - - , . : ^- ■ ^ . ■ V • ./ 

• * Initially the In-service <pa3rticipants were requested to siib- 

. ■ < . ■:■ " • ■ ■ ■ ■ - ■ ^ 

ihit lessons only in the &rea science. Becaxxse or numerous con— 
straints such as grade level and curriculum variations^ of .contri- 
buting schpols, this was not always feasible. VJhile the majority 
of STobmitted lessons were from the area of science (approximately 
300 )# many lessons were from the area of social studies, reading7~^^^ 
language arts r etc. (approximately 48). This presented the parti- 
cipants with an int;eresting challenge- Science and social studies 
lend themselves most readily t<* Inquiry instruction. This is not 
necessari^^y true of other areas' of the c\irriciiium. The over-all 



average Inquiry Ratingv assigned by the tape evaluators was 4.40 for 
-those lessons identified as science and 3.47 for those lessons - 
identified as non— science. — 

The evaluated tapes were ednalyzed tct, determine the level of ^ 
inquiry, teaching practiced by the IIPSTEP ^Ln-service^ar^tioipants , 
see TcQDle Six - Inquiry Evaluations^ Participants * Yearly Average 
1976-77. Inquiry being def ified -as the process of seefcing infor- 
mation directed towairds the resolution of 'a problem. Inquiry, 
fur=ther: defined, is that process which fosters the development of 



creative, innovative independent thinkers who, when confronted 
with a problem, exhibit an autonomous search b^avi-or reflecting 

their own criteria for assessing the value, accuracy, and rele- 

■ - * ^ ■ ' 

vsuice of their ideas* 7 ' 'ft- - 

The tape evalxiato^ recorded data in fourteen disc*et^^cate- 

gories of cm ^ptical-scan sheetl^ At the conclusion of the optical- 

scan plotting of each) tape the tape evaluator^ on a scale of 1-rlO 

*' . ' ' . " ■ 

(ten being an excellent ranting) , cissigns •^o the lesson her assess— 
merit of the general inquiry climate of the lesson. At the end of 
each tape evaluation, the tape evalua tor sxabmits to the participant 

a gieneratl statement as to her reaction to the lesson, constructive 

•* 

criticisms, and suggestions for improvement., 

' •> . , . 

The op€ical-scan sheets were then fed into the computer uti— 

lizing a predetermined criteria (see Inquiry Questions and Answers 

*■ ' / ■ * 

program Behavior Categories, DeVito/Mazzuca, Appendix F) . Program 

output is divided irito^ three major categories: 1) Percentage of 

time spent in questioning and answers, leading the stu<^ntS. (teacher 

giving directions, instructions, etc.), lecturing (direct e^^ositibn), 

student- to-stude^^ interaction (experimentation, data collecting, 

etc.) , and non-inquiry behaviors (discipline, classroom annoiince- 

me»fes; etc.). 2) Numbe^ of each type of teacher question. These 

■ / 

are^iaivided into five areaaa^-closed recaJ.1 question^ (memory type,. 



convergent) , open recall qi^stions (divergent) , reasoning questions , 
evaluative cjuestions, and affective questions. And, 3) scriptive 
and evaluative con^uter statements . ^ 

A computer printout for each lesson was re tttrned to each participant 



noting constructive remarks offered by the director.. Table- Six,. 
Inquiry Evaluation reflects a sMmmary of the partix;ipan1;s' yearly- . 
average for all tapes in all fourteen categories pliis a sixcnma^ pf 
desoripti-ve and evaluative computer statements. The participants 
were ranked ^by the tape evaluators as to the lesson's inquiry 

rating . (see IR-colrmin, Table Six) . . . .. . 

' . . . • ■fi " " ■ ' ' " . ' y . ' 

significant Interpretations of Table Six Inquiry Evaluations, - 

Participemts • Yearly Averages " 76— 77 ^ . 

An analysis of the 348 inquiry tapes evatluated revealed that 
the UPSTEP participants • tapes averaged 27 minutes in length and 
that the participants averaged 1,56 questions per minute, over all 
lessons- Students^ were ranked by the tape ev2Lluat6rs as the inquiry 
level of their instaruction. The average inquiry rating <IR) was 
4.46 on a scale of 1 to 10, ten r3fced,as excellent. Seven parti- 
pemts scored above 4.46. Eight participants scored below 4.46. 
Observations of the top seven participants • average scores compared 
to the grand average revealed that these, participants taught shorter 
lessons but provided longer 'p^fe<^ods of directions to accompany such 
instruction. In general, the -tah participants asked fewer ques- 
tions, in particular fewer recall questions. However, they did 
^ ask more affective, convergent, amd evaluative questions than their 
counterparts. Also, these top. participants lead their classes more 
than they lectured^ pl^ thei^; classes reflected higher^ frequen- . , ^ 
cies of student- to- student verbal interactions. 

This aissessment was derived from conqparing ecLch and every par-^ 
ticipant to the grand average and determining the tiumber of^ 
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^ excesses £dx>vc .tlie-aveMrwa^e -itv cateqory . ^or t±ie top' seven • as . 

-• ppppsre<i/ t:6\ th^ bottdf^ SO In one a ^-be ggry Conv/Dxv (Convez:— 

' gent/Dive irgent O^^staons) / below 2ipo, l^e lower the stated v«LLlie. 



the better the rating. / "Ihus, in this categcJry a reciuced value r- \ 
. was g; rated as pliis . ^; ^ . . * ^ ' ^ 

' TcQ^le Seven, UPSTEP Participants' Inqizixy Ratings ets ^ranked 

5^- - . • ■ - . - - ■ - . ^ . " - ■ ' 

by Tape Evaliiators is a coit^jilation of" additional ratio ;c«a^u- 

lations These ar^r^ Ratio/^SJ Lecturing/Questions auid Answers, 

^ . R'atii> of -Student > Interaction/Questions and Answers, etnd Ratio of 

Reasoning Questions /Total Questions. Additional summations as to 

the Total Number of Questions, Total Questions /Time, Total Niainber , 

of Reasoning, Affective .gjid Evaluative Questions, and Total of 

Affective and Evaluative Questions were added. Previoxxs accxmu— 

lated ratio data as to JDI-B/IiB and Conv/Div were retained. Also, 

tape evaluators were identified, grade levels listed, and O. J. 

Haarvey C'iassiflcations foi?^ e^fch particip£ait recorded. It was felt 

that this criteria woxild provide a nrajre detailed profile of 

inqxiiry Teaching. Tab^ Seven retained the tape evaluators rank 

ordering as to the assigned Inquiry Rating (IR) • 

Table ^:ight UPS;tep Participants ' inquiry Rating as ranked by 

■ . . ' . - ' «■ 

Goinputer Analysis portrays a new ranJcing based on -the Table VII^ 

criteria. -Using the group average from Table VII as a pivotal 

measure; each participant was compared to this hase meaisiire in all 

o ten categories. In the comparison of individual participant's 

- ' • * • , , . 

scores, to the grox:^ average in the columns Ratio of* SI/Q ahd A, 

Ratio of ^Reas/Total Ques., DI-B/I3 euid DC/PC, a higher score than 



If STEP, PARTICIPANTS' INQUIRY. RATING AS RMED BY TAPE. EVALUATOR ' 
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2UES 
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OF 
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f 



PC 
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LO 
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Bl 
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6.51 
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4.17 ' 
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4.36 
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m 
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".I' 
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I. 

I 
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.08 
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V 
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.38 
.31 

'.35 

.33 

\, 
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.29 

' .26 

.27 



23 J4.- 
20.71 
17.12. 
15.21 



29.17 



3.09 
7.84 

2.92 
4.54 

* ■ 

3.^9 



12.57 

13:84 
17.02 



:48 



.72 
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1.42 
1.76 
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3.46 
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15- 
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.53 



9.47 



1.2 



6.94 



.06,' 



the groutp average was rated as a plus score. A lower tating than 
the group average in the .columns de^gna ted as Ratio- of r.e3^^ 
and A arid Conv/Div was rated a minu's score. The accumulated 



nuin^er of pluses comprise the recorded aggregate Horizontal Score 
' Comi>ilation IR f or* ecich participant. Those with the inost favor- 
able* accvnnulative scores in the ten categories^^fi^re re-ranked I ^ 
under the coixnnn ma-rked Horizontal Score Con^uter Inquiry Rating.. 

■ / 

Seven of the top ten computer IR ranked participants* scores cor^ 

related well -with the 'tape evaluators ' IR rating scores^. The . , 

. - . V . . ' • - 

bottom five participants' computer IR scores corirelated exactly 

-with the tape evaluators' IR ratings. 

In the fall of 1977 a comparison was made between the UPSTEP 

• ... *^ ^ 

participants ^experimental^ group, N = 15) and traditionally trained, 
senior , pre-service elementary education majors (control gsoup, 
N = 24) . During "^eir student teaching experience, ^the control- 
^Toxxp was asked to submit* audio- taped recordings of five weekly 
lessons. Each lesson waS represent their best effort for .that 
particular week. The twenty four participants jLn the control group 
submitted a tX)tcLL ninety seven tapes. These lessons were analyzed, 
by th€L previously ti^ined UPSTEP* tape evaJLuators using the same 
UPSTEP criteria for optical scan plotting and computer analysis.. 
Table 9, Computer Analysis - Comparing UPSTEP. Groi^ avei^^ages (ex- 
perimental) to Control Group average records a comparison of the 
UPSJEP Groi:^^ usingr the average of* each participants first three 
tapes plus the aye rage of the yearly total of 348 tapes or approxi- 

mately. 23 , tapes per participant. ' ^ 

■J \ ' 



TABLE 9 



COMPUTER ANALYSIS - COMPARING UPSTEP GROUP AVERAGES (EXPERIMENTAL) TO CONTROL GROUP 'AVERAGE! 



GROUP 



TIME 
(An.) 



PERCENT OF TIME, ENGAGED IN: 



DIR 
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DPSTEP (N=15} 
(based on , 
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DPSTEP- (N=15) 
(based on 
45 tapes) 



CONTROL (N=24) 
(based on 
, 97 tapes) 



-27,1 



48.6 , 



17.5 



8.08 



21.27 



4.47 



,21.6 



6.56 



11.33 



2.25 
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4.52 



.47 



2.0(J 



23.2 



52.5 



20.5 



^ 6:0 



16.7 



2.5 



19.2 



■9.4 



20.97 



49.94 



19.18 



14.78 



6.47 



"11.98 



33.7 



4.2 



10.0 



2.1 



1.0 



3.5 



0.4 



1.2 



7.1, 



.94 



.29 



.50 



.37 



7.71 



A summary review of Tablfe 9 reveals thai£ in the "Percent 
of Time Engaged In" area the^PSTEP participants lee txired less A 
-generally spent less ^time giving directions and spent an equiva- 
, lent amount of time engaging ^n questioning aiid auiswering ques- 

tions cOTip^red to their coxmterpards in the control- group . 

. . \ . ' ' \* r=» * 

Sxgi\if icantly , the^^^yP^TEP par^cipants allowed more time for 

■* + ^ <^ — «^ ^ • 

student-to-student interaction (experimentation^ datra collection,- 

: ' ^ • Z ' ' 

etc/) than the control participants. Also, the UPSTEP "parti ci— - 

/3pan,ts engaged in a significantly lesser eunoilnt of time for non- 
inquiry activities. , ^ 

' - . * 

Xn the "Typ'e of Question and Frequency" area the UPSTEP 
^participants used much . less closed Recall questions^ (CR, memory 
type, convergent type,, etc.) , much more Open Recall que^tipny (OR, 
divergent) , Reasoning, Affective, and Evaluative question^ tnam 
the control participants* \ ^ ^ 

>■• • • - ■ - . , ■ ' . ■ 

In th^i "Descriptive' and Evaluative ^Computer Statement" area ^ 
the UPSTEP participants lead thei^r students more than the^- lecture 
to them (DI3/IjB, Discrete Leader Behavior to Lecture Behavior) at 
a much, higher ratio than the control participants. In the Dellayed 
Closure -to Prompt^ Closure area (OC/PC) the UPSTEP paarticipants ^ 
showed JL;Lttle difference from the control participants. The Con— 
vergent Question €0 Divergent Question ratio '(Conv/Div) showed 
^the UPSTEP participants to use much less con\jergent questioning 
than the control. "participants . With divergent questioning viewed 
^s a promoter of creative thinking, this action is interpreted as ^ 
an asset for the UPSTEP/participants . ' \ 



A summary -prof i lo of an-*nrSTKP participant ,ciraduatt> miqht 
be reflected in the following description: 

A person exposed to .the Purdue JJn^versit^ UPSI^P 
model treatment lectures 'less^ spends less time in the per* 
functory tasks of -teaching, quickly gets on with the task 
of teaching, alJkpws ^tudents to become thoroughly involved^ 
in the learning process, consistently ask higtter level 
questions , and cinsi&tently ask "divergent questions to 
stiraiH^te higher level thought. 



ST:unmary Comments 



/ - • • 

r 



Anecdotal plus statistical data appear to support the con- 
elusion that the integrated inquiry approach to the teacJiMng of 
^j^^t^^ence to prospective elementary teachers is ^supeiiior to a frag- 



\ 



-men ted bits and pieces approai^ to sci^nce^ instruction-^ It would 
be difficult to argue that early .continued, and varied field 
experiences with children tied to appropriate integrated science 

i . - ^. 

instruction buttressed by continued pedogogical methodology would 
not be' superior to * isolated science conterirt acquisition, topped 
by^ science methods course, and followed^y a student teaching 
experience. 

• ■ ■ ' - - ' J ■ ' ' 

If science instrjaction in the elementary "school is to be im- 



proved and if inquiry a technique instruction in science^ 

and other a^eas of the curriculum is "deemed desirable, th|s model 
or a similar taodel^ of Instrudtibn wi^l need to. be implemented,^ - 
inquiry cannot be acquired by osmosis. It must- be taught and 
practiced by the instructor. It must be^ practiced by the learner. 
And, it must be taught by^ the learner in the role pf an instructor. 
Inquiry instruction cannot be aecort^jlished in a one '<5r two semester 



course. Instruction in incjHiry must "start eayly in the pre- service" 
education of prospective elfementary teachers. Andr it* must- be 

. ... ; • . • - ' ' 

cultivated and practiced slowly ov^r time* There are, few short. * 
cuts* * " . ■ 

The Purdue University model provides a mechanism;j|^- It also 
provides some supportive data that the inodei^works • ^vdoe^ not,' 

however, prdvide people* And, people make the model wtfrJc^ "The 

— ^ i ^ ^^'^'^ 

model demands cooperation between vested parties • The pbdei de-^ 
mands .sacrifices from areas, previously deemed sacrosanctjii ' Xew 
priorities must be established. Sometimes these sacrififces- are 
at the expense of expemsive science content coverage. Ujigermost, 
the model demand^strojjg- leadership. If the Purdue Unive^cgity 

f ^ • "^^^^ i 

UPSTEP model is to be successftilly implemented . and maintaj|^ed, 
it .will require a program chairperson who,, in 'concexrt with|;^the 
participating faculty, constantly monitors the coir^wnentss oif the 
model to maintain the^lto tali" ty of the goals of this approal| to 
learning. 'Paramount ' to-^yihe goals is the goal of creating i^divi- 
duals who themselves are creative, innovative, independent 
thinkers who can teach '^iii^ren to be likewise.'^ 



> 



/ ^ APPENDICES 



APPENDIX A Conceptual Systems Test^ O. J, Harvey . / 



APPENDIX B Teacher Concerns Checklist^ F. F. Fuller 



APPENDIX C Bratt Attitude Test^ M, Bratt 
APPENDIX D Science Teaching Checklist, GolmcUi- 



\ 



APPENDIX E 



Interaction lUialysis Science 'Teaching Instruction 
G- Hall 



APPENDIX F 



APPENDIX G 



Inquiry Question and Answering Program BeliS^ior 
Categories, De Vito/Mazzuca 

■ y\ 

In-service Summary Report of Inquiry Teaching, 
DPSTEP Participants 



/ 



' . - \ 



. . AJPPENDIX A „ ' . 

PERSONAL OPirilON SCAJ^* ' ' 

\ .Scale A ' • 

Tlie following a stiidy of what . the general^ ^labile thinks^and Beels 
about a* nvunber of in^xDrtauit social and personaJU' que s 1;i pns . " The best* 
ajnswer to each statement below is youir p^sonal opinion > We have tried ^ 
to cover many different and opposing points of view: you mifeiy find^ your- 
self agreeing strongly with some of the^ statements, disagreeing just as 
strongly with otlieri^^^^and perhaps unfcertain about others; whether you* ^ 
disagree with any statement, you ^can^ be ^ sure that many people 
e same as you do. , 



Please mark each state^pent in the parentheses following the question"^ ^ 
assigning a value from 1 to 5, depending on how you feel in ^ach case* 

1=1 agree con^letely ' - ' 

2 = 1 agree mostly (i.e., more than disagree) 

3 = 1 agree and disagf-ee about equally 

4 = 1 dis^ree mostly (i.e-^ more than agree) 
5=1 disagree completely 

1.* I tliink 1 have more friends than most people I know. ( ) 

- . ■ • ■ ■ ' • 

2 - y^Contributing to human welfare is the mostx^ati^fying* human 
endeavG^r- ^ " ' 

3. No man can be fully successful in life without belief or faith 
in divine .guidance- ( ) 

4* I feel like telling other people off when I disagree with 'them/ ( ^ ) 

5. I like to criticize people who axe in a -position of authority. ^ ( ) 

6. I like to, join clubs or social ^-roups- ( ) . 

7. Any written work that I do I like to hav^ precise, neat and well 
organized." ( ) _ . j 

8. It is safest to assume that^all people have a vi pious streak and, it 
will come out when they are given a chance. ( ) 

9. like to have my meals organized and a definite .tdLme set aside ^Ifor^ 
eating. ( ) 

10- 1 like to"^o things with my friends rather than .by myself. ( ) 

11. i like to help other peopl^ who are less fortunate than I c^m. { ) 

s 

12. I like my friends to confide in me cind to tell me their . 
troxibles. ( ) . 

" * O. J. Hsarvey, CST-A 2/71 

' ^ ■ 1U3 ■ ■ 



'13. I IdLke to have my work orgeunized and plemned before beginning 
it. ( ) J . . - 

14. I feel like-^^i\aking fun of people who do things that I reg5ird as 
stupid. ( ) . 

15* Sin is but a cultural concept built by man.' ( ) 

■ ■ ' r' ■ 

16. I like to keep my things neat and orderly on ray de^ or 
wprJ^pace. ( ) ^ \^^- 

17. 1 believe that to attain my goals ^it is .only necessary for me tp ''^ 
live as -God would have me live. ( ) 



18. 'I like to form new friendships. ( ) * ' ) 

19. These days a person do esn' t reallV know whom he can count on., ( X 
20- Polit^icians have to bribe people. ( ) 

21, I like to start: conversation. ( ) 

* ' ''^ J 

22 r X feel like getting revenge whe^^i someone insults me. ( ) ^ 

A' - 

23. I likfe to sympathize with my friends when they are hurt or ^ 
sick. ( ) 

24. I like to plan and organize the details of any work I^undertake. ( ) 

25. Guilt results fr'om violation of God?s law. ) 
26* 3> like to give lots of parties. ( ) 



27. \I like to make as majiy friends as 1 can. ( ) 



^ 



J / 



er|c * ^Oi 



APPENDIX A 

' PERSONAL OPINION SCi^LE* ' , 

Scale B ' 

Hie following is ^ stuc^ of what the general pviblic thinks and feels 
about a number of in5x>rtcmt social euid personal questions. The best 
2Lnswer to each statement below is your personal opinion . We have tried 
^ to cover many didSferent and opposing points of view: you may • find your- 
self agreeing strongiy with some of the statements^ dis^igreeing jxxst ais 
strx>ngly with othexs^ and -perhaps uncertain cdx>ut othea^s; whether you 
agree or disagree with any statement, ygy catn be sure that- many people 
feel the same as you do. 

' s 

Please mark each statement in the parenthesis following the' question 
assigning a. value from 1 to 5, depending on how you feel in each case. 

1 = 1 agree completely \ - ^ 
2=1 agree mostly (i^.e., more -than disagree) 
3 = I agree and disagree about equally ^ ^ 

4"= I disagree mostly (i.e., more than agree) 
' 5 = 1 disagree c^bmpletely 

1. I like to meet^ new people. ( ) • . 

2. I feel like telling other people off when I disagree with them. ( ) 

3. I "like to help my friends when they are in troxable*. ( ^ 



\ 



ir peopQ^ 



4. I always like for other peo?Q^ to. tell me tdieir problems. ( ) 

5. I like to criticize people who are in a position of authority. ( ) 

6. I feel at home with almost everyone and like to pari:icipate in what 
- they are ^oing. ( ) . " 

7. /In the final aia&lysis' events in the world will ultimately be in line 

with the master plan of God. { ) A 

8. The dicta te^'of one's religion shoxild be followed with trusting 
feith. ' ( ) * 

' - - ' ' \ 

9. I lik^ to keep my letters, bills , and other papers neatljr arrange 

and filed according to some system.- ( ) ^ 

10 : Most people can still be depended upon to come through in a pinch. ] ( ) 
r V 

I/like to do things with my friends rather than by myself. ( ) / 

" . ^ ■ - , ■ ; / 

12 . T like to have a place for everything and everything in its place/. ( ) 

/ 

13. I'enjoy^very much being a part: of a group. ( ) • / 

* O. J. HcLTvey, CST-B 2/71 

o ■ . ■' / i ' 



I like to have my life so arranged that it runs smoothly and with- 
out much change in plctns • ( •) * 

I enjoy making sacrifices for the sake of the happiness of 
others, ( ) , 




I feel like making fun of people who do things that I regard as 
stupid. ( ) ^ • - 

I prefer to do things alone^ rather than with my. friends. ( ) 

<3 . »>. * ^ ^ — ' 

, I find that a' well-ordered mode of life with 'regular hours is^ 
suitable to my personality. ( ) . 

There are §^30Bie things which God will never permit man to know. ( ) 

I feel like getting revenge when someone has insulted me. ( y 

I'm a very sbtiahle person/' who gets alo^ ^ asily with nearly - 
everyone. ( ) • 

I like to treat cfther people with kin^ess and sympathy^ ( ) 

I don't like fat* things to be imcertain and unpredictable. ( ) 

You sometimes can't help wondering whether anything 's worthwhile 
anymore. ( ) " . • ^ , ' 

The way to peace in the world is through religion. { ) ' 

Anyone who completely trusts anyone else is asking for trouble. ( 

Marriage is a divine institution for the glorifi^ration of God* ( ) 




,1 
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APPENDIX B 

CACHER CONCERNS CHECKLIST 

Frances Pi Fuller 

Research and. Development Center for Teacher Education 
Thi/university of Texcts at Austin 

DIRECTIOr^S: This checKiJJ^Jb^is designed to explore what teachers are con- 
qemed about at different points in their careers- There are, of course, 
no right or wrong answers; each person has his or her Cfwn concerns. 

^ V , ^ 

Sometimes pfeople are teirpted to ..answer questions like these in terms of 
what they think they sho\ild be concerned about or expect to be concerned 
about in the future. This is not what is watnted here. We woulc^.like to 
^knpw only what you^^re actually concerned about NOW. 

On the following pages you will find statements about some concerns you 
might have now. Read each statement. Then ask yourself: WHEN I THINK 
ABOUT TEACHING, AM I, CONCERNED ABOUT^THIS? -\ ' * - ^ 

If you are not concejmed about that now, or the statement does not apply, 
w^rite the nxamber "1" in the box. 

If you are a little concerned , .write the number""" 2" in the box. 

If you are moderately concerned , write the nimiber "3" iji.the box. 

If you are very concerned , wri^te the nxomber "4" in the box* 

And if you are totally preoccupied with the concern, write the number "5" 
in the box. 

Be sure to answer every item. Begin by cQmpleting"3^ihe following: 

1. Name ^ Male^ Female Age 



. \ 1 

2. Gi^rcle the one that best describes your teaching expetienc^: 

1. No education courses .and no 4. Presently student teaching 
foirmal classroom observation 

or teac±iing experience 

2. Educartion\x>urses but nd ^ '5. Completed student teaching 
formal observation or ^ 

teaching experience. 
^ 3. l^ducation coxirses and ob^er^ 6. Presently an inservice 
vation expedience but no teacher 

teaching ' * , ^ 

3. If you are a student: Freshma n ^ Sophomore Junior 

Senior Graduate 



•4,^ - The grade level you plan tt) ;^each (if student) ' or are now teachix\g. 

(if inscca^e) z PrescHool Elemei^taa ^ Junior Hig h >' 

College" 



Other 



If currently" teaching: 
class: 



Average number "of students, you teach ^per ; >^ 



.WHEN 'i THINK ABOXJ^ TEACHING, AM I CONCERNED ABOUT THIS^ " 



- For each statement below ^ decide jwl^ich of -^e^^ollqv^ng answers best 
appll::^ to yoj^ now. . Place the^ nuniber of -the answer >a^n the Ixix at -^e 
left of the statement. PlecLse be as accurate as yo'u can. 



I 1 I "Not concerned 



A little cohcemed ' r. 



Very conqemed. 



^foderat^ly 
concerned 



Totally preoccupied 



1. Lack of -respect of .son^^ 
students 

21 Standards and regulations 
set for teachers 

3. Selecting and teaching 
content well 

4* The mandated curriculTim is 
not appropriate for all 
students 

5. Whether students are learn- 
ing what they should 

6. Whether the students really, 
like me or not 

7^ Increasing students^ feel- 



} ' {l 5. Frustrated by the rouliine and 
inflexibility of the situation 



ings of abcon^^li^Jament 
I [ 8. The nature and quality of 



□ 



9. 



instructional materials 
Where I stand as eC teacher 

Motivating students to study 

Working productively with 
other teachers 



It 



2. I*ack of instructional f 
materials > ^ 



^3. Rapid rate o^ curriculum and 
instructi<a»ial change 

\ 



4. .Feellxng under pressure too 
much of the time 



^6'. Becoming too personally in- 
volved with students 



7. Maintaining the appropriate 
degree of '©lass control 

Jls^ Acceptance as a friend ^by 
s tudenfis^- . 

3l9. Understanding the principal's^ 
policies 

J20 - The wide 



The wi^e ramge of student 
achievement 



|21. Doing well when a supervisor 
is present 



22. Meeting the needs of differ- 
ent kinds of students 
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WHEN I THINK ABOUT TEACHING, AM I CONCEi?NED ABQ,UT THIS? 



3- 



Being fair and impartial 

. Diagnosing stfudent learning 
problems * 

J2S . Getting a favorable eyalu- - 

ation of my teaching 
1 ^ ' ' ^ . 

[26 * Being asked personal ques-r 

tions by^nty students 

I {2 7. Too mkny noninstructional 
duties 

8. Insuring tliat t^tudehts ^rasp 
sx:ib,ject ma'tter fundamentals 

Working with too many stu- 
dents each day 

Challenging unmotivated 

::;;stud^nts . 

J31-. The Wajraes and attitudes of 
the i^rurrent generation 

J32. Adajiting^myself to the needs 



jll. Assessing auid reporting st\i- 
dent progress 

3*2. (Zhronic absence 'and dropping 
ouj^ of students 



13.3. 



Lack o'fxjicademic freedom 



^44, Teaching, required content to 
students- o if varied background 



Is. 



Student use of ^drugs 



J46. Feeling ihore adequate as a 
teacher ^ 



3= 



I [47^ Guiding students toward in- 
tellectual and emotional 
grpwth 



130, 



\^ I4 8. Beilug accepted *and respected 
by professional persons 




fferent students 

Whieth^^f^^^^udents can apply . | ^ 
they- learn 



Jf^dequately presenting all of 
the required material 

Slow progress ^f certaiin 
students 

My ability to present ideas 
to the class 



Jbs. 



Understanding the philosophy 
of the school 

Studehts who disrupt classes 

Instilling worthwhile con- 
cepts and values 

How students feel about me 

Student health and nutrition- 
problems that affect 
learning 

The psychological climate of 
the school 



^2^' Helping students to value 
ieami^g 



J. 



13= 



Whether each student is getting 
what he needs 

Increasing my proficiency in 
■ content ^ 

Recognizing the social and 
emotional needs of students 



40. 



The wide diversity of student 
ethnic and socioeconomic back— 
grounds - . 'c 

Please use the baqjc of this page for 
any coinments* , These may be about the 



questionnaire in general, about spe- 
authorxty and responsibxlxty ^^^^^ . additional 

concerns you may have . 
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• API 

WHAT IS YOqR ATTITUDE TOTARD TEACHING AND ' • 

• ' TEACTING SCIEtW^? / - 

There*"are some' sta-tements about teachixpg science cind teaching in 
genetal on th^ rxext few pages r Some statements are about a person* s 
feelings about the role of a teacher. Some statements describe how 
teaciiers qhould telach. You may agree with some o£ the statements and 
you may disagree wi£h others, ^I^^t is exactly what you are asked to. do. 
By doing this^ you will show your attitudes tc3ward science teaching and 
teaching in^eneral, - - *^ 

After you have carefully read a statement^ decide whether you agree 
or disagree with it. If * you agree ^ decide whethter you agree -mildly or 
strongly. If you disagree^ decide whether you disagree mildly or strong 
ly. Then ,find tiie space on the answer sheet that agrees with your feel- 
ings and blacken it, - . 



A = If you agree strongl^y 
B = If yqu agree mildly 
C = If you disagree" mildly 
D = If you disagree strongly 



Example : 



00, I would like to make lots of money. u 



00, 



(The person who marked this ^ample agrees strongly that he wovild 
like to make lots of^ money.) 

Please respond to each statement and blacken only the space that^ agrees 
with yoTir 'feelings , 

Please do not mark in the test booklet, , . [ 
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• - . * 'V- ^ 

WHAT IS YOUR ATJ'ITUDE TOWARDS TEACHING SCIENCE? 

!• One fact elementary children shcmld learn is tJiat the air is 

approximately 20% oxygen * ' 

2. Teachers should plan and grade science assignments* ^ 

3. Mpst children should be able to interpret/a graph — at least by the 
six^ grade. " ^ 

4. Studeifts should design their own science projects- 



The xole of the teacher is* to present concepts for the students to^ 

-V*- ■" X _ 

learn. . v ' • 

6. A teacher should be* a resoiirce person rather than an information 
* Ittiver in science* ^ - - ^ ^ . 

7. r shoxild leaxn as much as the students ,when I -^each. 
I do not Toh^erstand science,^ and I do not want to teach it. 



8 



9. The students should p;g!bgress through science *in the sequence I set 
up. . / ^ . ' 

10 . The teacher should tell the children what they have to learn and 
know . 

• ■ ■ ■ 

11. It shoiild be more in^ortant to es'Sablish a personal relationship 
with students than worry about the subject matter I transmit. 

12: In teachin^J^science^ a teacher might spend more time listening to 
the children than talking to them. ^ 

13. Students should not grade their own science projects. 

14. The teacher should help the ^ student find ways to attain his own 
: ^ goals, but not^set them up for him,: 

15. Process skills are very important things to be developed in the 
elementary grades . ' , ~ ^ 

' ■ . . - ■ , , 

16. The teacher should have top priority in decision making oveir^ ^ 
students. ^ . . ' 

17. - The teacher should respond to the student rather than the student 
. responding to the teadi^^r. ^ 

18. Students need to know-^e basic facts of science before they can - 
-understand the concepts . \ 



o ' 11 
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19. Children must' learn certain facts in el^entary sjchool so they can 
do well in jimior high school. . , 

20. Students shotild feel that th^ can sit and discuss any subject at 
ciny. time with a teacher. ' - - 



21. I understand st:ience and I want to teach it.^ . y 



22. Teachers -should 6e solely responsible for Assigning student grades 
in science. - ^ , 

23. In science^ children must^be told what they are to learn. - ^ 

24. Stvfeents can and should learn to^evaluate themselves; teasers, 
shoxild help students- do this. , " ^ - 

25. The teacher should teach "the basic processes of sqi^nce such as 
observing"^ meetsuring, and classifying in the elemeittary school. 

26. Teachers should teach their specialities, ^ . * 

27. students and teachers should both be* free to^xpress their views 
^in the classroom. ^ ' ^ ! *^ 

28. The^ needs of stucients are irrelevant ''to teaching; students don'*.t 
know^hat they should knpwl - » . . 

29. As children experiment^ the teache^ should act as a guide by 
asking leading questions. r , x ^ ' ' 

■ ^ ^' " ^ ... ' -. 

30. Science is pretty easy .to understand. ' ' * ^ 



31. Students should feel that they may discuss ' thefr ^personal goals in 
2L sxabiect matter area with any teacher. V 

- ^ --^ • ' ^ ^ ^ - , 

32. Proems skills are the most innpozrtant, things tP be developed by 
children in science. s \ 

33. The 'teacher should assign science projects to -students . .: 

34. I like science r and I probably am/will be a better science teacher 
than most other elementary teachers . - ■ 

35. students learn best to make decisit>ns vhen they are given the 
opportTxnity to make decisions. 

36. am afraid to teac^ science because I can't^ do the experiments 
nyself. ' / 

37. The teacher |^*o\ild be accountable for a student's knowledge in 
science . ^ ^ . l . 
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38. I just TiB^r "^xi^X understand sc?.ence.' - 

' " .... - 

^ ,39. , Students and teachers should both respect the knowledge # resource- 
fulness and creativity of each other • 

40. A teache^ should teach the basic facts of science. : ^ 

41. Teachers should cover specific areas in science in each grade. 
^ 42. . The idea of teaching science scares* me. 

J.- " « 

43. * Teclchers should tell students^ aboxit^experiinents . . - 

44, Students shdtil^ feel" that what they have to say in clasS^ i^ just 
as inpozitant^s what the teachers have to say. 

Students* should not plan their own science projects. - ^'--^ 



45 



46. If an experiment does not come but right, the teacher shoiild tell 
the children the answer so they will^. not be lost. ^ 

' ■ -V ^ - ■ • ': 

(^^^^7- students should learn to evaluate their ou^ science projects. - 

48. It is a teacher 's . responsibility to teiSr childl:eii,^&^j.ch thi^ngs are 
iii5>ortant about science. ' , " ' , ^ - " ^ 

' 49. I do/will not teach very much science/ - ^ 



50 . Elementary children should learn how, to control variable^ in an 
experiment*. . ' ^ . • : 

51. I feel I am very well prepared to ,teach science. \ ^ 
- » - . 

52. .The teacher should arrange things so that children spend more time 
experimenting than list^^ng to herein -science. ' 

53. Students ' cannot learn unless they pay attention to what the teacher 
has to say. . ' 

54. I think X understand the work of science. . ^ 

55. A fact children should know is that blood carries oxygen to the 
cells — at least by the si^cth grade. ' a> 

•56. Students should discovert for themselves that learning is their re-' 
sponsibility ; teachers should help students learn how to learn. 

57. Teachers should help children identify problems. 

58. Teachers should not have to be concerned with students* problems. 

59. It i:^ inportant for children to know **iy iron irusts — at lea^t by 
the .sixth grade^ * * 

O ^Teachers .should teach the students hot - the facts of science. 

ERIC , - 
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Teacher 



SCIENCE -TEACHING CHECKLIST* 



^ The Checklist is not a test and is not designed "to grade" either 
[you or your teacher^' ]:>ut*to check the usefulness of this technique for 
^sessing what is happening in science classes . -Each statement describes 
some classroom or laboratory teaching activity^ >or some aspect of 
teacher^student relationships. ^ ^ ^ ' 

l^lease read eacii statement cajae fully "and theA^ give your^/honest, 
immediate reaction based on whether or not you^feel .it accurately de— . 
scribes yoxir cla^s and teacher. A mark in th^ 'UTes" colxmm means you"" 
^agree that this .statement - does describe something about your- clsiss. A 
mai^c in the ''"No" column indicates that you feel • this statejnent does not 
describe somethings about '.your class. You are not .being asked to indicate 
wl^ether you feel* this is t^e way the cleiss should. be taught; onl^?- to de— , 
scribe how it actually ^is being taught* now, - \ 

ThaJik you foir yorir -cooperatiorr in this study. • 

San^jle Statement: , _ - 

Yes No . . ^ • ^ ^ 

(X) ( ) . My teacher has assigned, each of us a specific -seat 

" 2 in class.- ^ » ' . 



( ) * ( )^ 1. If a student doesn't quickly answer our teacher's 
^ f questions, then he (or^she) gives ^us. the answer. 

{ ) ( > Our teacher, fretjuenfely gives us his {or her) opinions ^ 

* X ""about what we are studying, and expe^rts us to know them. 

( ) i { ) 3. Our -teacher tries to help us learn* how to ask critical 

questions of our science readings. " . ^ 

( ) ■ ( ) 4._ Our ; tests usually require^ us j^.to memorize a Ikrge nuntoer 

bf facts and. definitions . ' ^ ^[ 

C ) ( )• 5. Our laboratory work most often comes after discussing 

and reading about a topic in class. 

( ) { ) 6, We frequently :.analyze the evidence behind the scientific 
\ ' principles we are studying. . 

( ) ■ ( ) 7. We . occasionally design experiments to find answers to , 

problems. » . . 

( ) ( ) 8. Our teacher spends a great deal of our class time going 
^ ' ^ over what we read in a textbook. 

* Golman/Lehman / : ^ ' • ' 
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Yes No^ 
{ { 



\ 



Our Hseacher tells us about what science is and what 
scientists do. ^ . i ^ 

We studente iisxially feel :lost when we are doing 
'laboratory work, • Z ^ 

Our laboratory work consists of^ i^ollowing- step^y-step 
the directions given in a laboratory ma;nual (or by our 
teacher) to try and get a particular answer, ■\. 

are expected to spend most of .our time in this class 
taking notes on what the teacher tells us about a 
particular topic. " • ' 



,9 



10. 



11 



12 



13 • 111. our laboratoiry work we usually' repeat experiments 
previously ckorie by ' scientists %o see if we can ^proVe 
th^t they were'^-ight, - 

14. VThen our teacher asks iis a question, he (or she) almost 
always wants us to give the particular answer he (or 
^ she) has in mind, - ^ 

15 Frequently our teacher introduces a new topic by statrt- 
* ""ing with some laboratory observations . 

16, We sometimes develop our own inodel systems to explain 
some scientific concepts or principles, 

17 • Throughout the year, we have had a considerable amount 
of practice in interpreting data — analyzing graphs, 
stables, charts and diagrams, • ^ " 

18. Our teacher xisually asks questions requiring "specif lo 
one or *two:;?replies , or yes-no responses. ^ 

19. Our teach'er corTstantly ^mphasizj^ our leading general 
concepts of *broad ideas of - science. ^ 

20* We. leaumed the scientific method at the first of the 
year and have not studied it since. 

*^ - 

21. bur teaclier usually wants one very specific answer 
to his (or her) questions. - 

22. Our teacher tells us that^ science can find; an answer 
to any problem. ^ 

. - ' 

23. Our teacher stresses the limitations o& science and that 
scientific theories are tentative explanations. 
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Yes 
( ) 

( ) 
( ) 

( ) 
( ) 
( ) 



No- 

.( ) 
(, ) 
( ) 



(6 



( ) 
( ) 
( ) 



24. We spend much of our class t^rffie working on oxor science 
vo^a^ula^ — listing and defining new - terms. 

25. Our^ laboratory^ investigations are closejly related to 
what we are studying .in class. 



2^, 



27 



28, 



Our teacher frequently asks questions which cause us to 
pull together and Tos^things we- have learned- eaorlier 
in the year. " • 

Frequently our teacher asks us for our own opinions 
and ideas . - ^ ^ 

We sometimes us e^ the laboratory to investiga;^ a 
problem which a -student has -brought up. 



29. We frequently practice stating hypotheses and evalxa- 
^ ating their usefiilness- ^ 

30. We spend most of oxir time in this class learning facts 
from some area of science. 
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^|>PE1JDIX E ' - - 

lAST BASE 



INDIRECT * 

- h ' . • * ' • . ■ 

1. . j^cxzept: feelings I Recognizes and identifies with feelings of 

stiftdents (einpathetic)* , non—evcLL natively encouragement or joking 
^- * \positive affective response, e^gv 3cnow this is difficulty 

•but let's try it anyway^- (occurs less than 1% of the timer • 

2. ^ Praise r A positive value judgm^t. •'That's a good job* 

.Goodl Finel" (Too frequent ixse makes i\invalid) , 

3. . Acceptance of student's statements: A restatement of the 

student's statement, ^itfher written on the board or verbal. 
This c^e^ory would also include short, non- evaluative confirm 
mation^^uch as "okay" "^ij-^^right" . " ' * 



a: 



'^■^ DIRECT 



^Question: AlJ. questions Swhich require a student response - 



I 



5. Direction : ' Giving directions and procedures; telling the stu- " ^ 
dents how to do' something"/ This required an immediate student \^ 
response or behavior. 

6. Exposition. Initiate sjjbstantive information: Ijecturing, giving 



facts , calculating including writing new information on the^ bocird, 
rhetorical questions, and review information would be included, in 
this category . . 

CO ^ 

7. Justification o£ authority : Disciplinary action and criticism 

of a student's behavior wo^ald be inclxaded in "this categpry. . 

t - v 

8. Teacher controlled silence : Periods of silence which would in- 
clude teacher demonstration, or the teacher u^lecturing, or a 
teacher examining her notes would be included/ under this category. 




Student Action- 

Student statements : - This would include all student statements 
that are not questions. V 

10. Student questions: Quesj^ioits asked by the students of one 
cuiother or of the tea<dtier would.be placed in this category. 

11. ' Affective response : Student responses that reflect student 
emotions or feelings ciboxxf^a certain topic. (Good or bad) 
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12. St:uden-b activity r Thisyould include activity such as students 
Wbrking in workbooks , reading silently to themselves ^or working 
with scientific appciratus, etc- 

Student Interaction 

r 

13. Division of student-to-student interaction ; A mark for the 
separation between two students' interactions. 

1,4. Nonfunctional behavior:> Behavior without direction or poirpose 
where no effective instruction is occurring. 
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APPENDIX F 



INQUIRY Q's & A's PROGRAM 
BEEJAVTOR CATEGORIES* 



Teacher 



A 
B 

C 
D 
E 
F 
G 



Closed recall question 
Open reoall question 
Reasoning question 
Evaluation question 
Affective questic^a^ \ 
Directions , leading 
E2^x>sition , lecturing 



student 

H Closed question 

I - Open question 

J Relevant emswer 

K Unspli cited statement 

L statement of GeneraJLization 

M Interaction 

N Non- inquiry behavior 



INQUIRY PROGRAM 



(Tabular Fonrf) 



I. Percentage of time spent in: 

1. Questions cuid Answers 

2 . Leading 

3 . Lectxiring 

4. student interaction 

^ 5 - Non-inqToiry Behavior 

II. Number of each type of teacher question (Tabular Form). 

IJI. Descriptive and Evaluative Statements , . 

1, The ratios of discrete leader-type behaviors to lecttire 
behaviors 

2- The ratio of delayed to prompt closxire sequences 
3 . Exploring student questions 

41 Degree of generalization attained by students 

5. student confidence in their ovm ability 

6. Ratio of convergent to divergent teacher questions ^ 

7 . Creative atmosphere 



* De Vito/Mazzuca 
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« APPENDIX G 

IN-SERVICE SUBQgLRy PEPORT OF INQUIRY TEACHING 

Having gone through four years of undergraduate 
UPSTEP work at Purdue University/ was tl^e- fifth 
year of tK(^ project (your teaching evaluation^ , 

etc.) of ^ditional, values? Yes 12 No 

Coingien'^ 

On the first grade levelT it was sometimes difficult for me to prepare 
and follow through a strict inquiry lesson , but nevertheless I feel the 
personcd- evaluation was very beneficial to me. ' ^ 

I . think so. It more or less was the final test as to whether or not 
everything we had leeomed/ h^d- actually influenced our teaching. 

This fifth year of^the program proved I could actually , in my own class-, 
room put into, practice the ideas of the inquiry approach to teaching. 
Olie teaching evaluations from this year showed my strengths and weak-- 
nesses. Thus^ they helped me realize how I can better myself as a teacher 

Yes/ I feel that this fifth year of the program was very valoiable. "It 
allowed iis to put into use v*iat we picked iip the first four years. The 
weekly reports were helpful in allowing us to see our progress through 
each semester. - - 

I feel the fifth year wais the most inportant year. With ny own classroom 
I could freely practice my own style ^ile incorporating the inquiry, 
approach. I felt less pressure at this time since I wasn't being ob-' 
served or graded. I learned more this year about my own teaching habits, 
and inquiry method than the four years of undergradute work. 

I believe the fifth year was of additional value because I was able to 
recapture a lesson after it was over, through listening to the, tape. 
This self- evaluation and also the coaching from the computer sheets and 
Dr. De Vito were helpful in improving my teaching methods. 

The computer printouts and your comments gave good feeback on my lessons. 
When teaching a lesson I'm not aware of how I spend my time. I don'^t 
stop to think — now how much time *did I spend asking questions, giving 
directions, tec. I do feel that it is helpful to 3aiow this information 
and the teaching evaluation was able to point this out, along with other 
useful information. 

The fifth year helped me because this was own class I was working 
with. I had them every day and not just for an hour. The printouts 
helped me to see that the first four years of practice worked in real 
life. 
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I think the fiftM year of UPSTEP was very valuable because it- gave lis 
- the opportunity to use what we had learned in the most realistic setting 
of all — our own classrooms 1 

I felt tfee fifth year was the loost valuable • 
Changes Suggested 

Not/^uite as many '"requirecL tapes * 

-Adding a math _ selection to thfe program — (undergraduate). 

J, More visits in the schools as an undergraduate cind in-service teacl^r 
(I -realize the many problems here 1) , 

Perhaps the graduate student cou3,d evaluate his owiT^lfessons e^cpressing 
where he/she felt the strong and weak areas were. 

I was interested in Jcnowing how the other graduate students went about 
teaching ,the inquiry^ method, " 

A little more personal communication for thosa who live in the area.y'^^^ 

- ' ■ \ . , . ■ ' ^ (' 

I wou^d* have liked to have, met with someone in the project to discuss 
my teaJ&iing techniques. 

Perhapa' it woiiLd have been helpful to the projfect mernber if he/she could 
have m^ with the others for a complete explanation of the computer 
printout. I know I tended to avoid areats which were vague to me. 

Include xh evaluation what could be done to improve the lesson. 

"The con5>utex printouts are^ great. It would have helped me to have them 
from the very start of the program. 

I would hope Dr. De Vito would have been able to visit my classroom, so 
that he might see what oxir individual classroom situations were. 

I would have liked some sort of explanation or guideline that would have 
specified exactly what each category on th^ computer printout meant, per^ 
^haps with examples of vrtiat "ideal" behavior woixld be in each category. 
For example, what kind of student statement shows that -the students have 
confidence in "their own ability and intellectual progress?" 

The papers we sent with the tapes left no room for comments to explain 
what was going on during the lesson. 
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The tape Suininary returned to you was comprised of three parts: 
-the written comments, the conrputer printout, and my written comments 
Please rank these tliree components as to their value to you. 

1) most valuable 

2) next valuable * 

3) least valuable ' 



Written S^immary 

1) most ""valuable 4 

2) next valuable 4 

3) l^ast valuable 



Computer Printout 
1)^ most vciluable 



4 



2) 
3) 

Director's . Comments 
1) most valuable 



next valuable 



least valuable 



2) next valuable 4 ^ 
• 3) least valuable 1 

: ' ■ ... ^ 

^rhe computer prin'^ut was" divided into three general pazrts: 

1) How you spent the time you alloted .to the lesson. 

2) The type and frequencies of questions and 

3) General^ statements • 

Please rank these three ccxnponents as to their value to you. 

1) most valuable ^ 

2) ^ next valuable 

3) . least valuable 



Time Allotment 

1) most valuable -5 

2) next valuable ' 3 
3) 



least valuable 



Type'^and Frequency of Question 

1) 1 most valuable 3 

2) next valuable 6 

3) . least valuable 2 



General. S tat emf^ nts 

1) most valuable 

2) next valuable 

3) least valuable 



One paorticipant ranked each component as equal. 
Were all three concerns helpfvxl'? , Yes 11 No 
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^ Was your attempts at 'Mnquiry" teaching well received by the: 
Prajncipal Ye^ 8 . No 0 Mot Applicable 4 



Pupi^ls Yes 12 No - 

What stibject lended itself best to inquiry teaching? Science 11 

'4fc / . Math ^ 1 

' \ : ' 

/ , ' • Social Studies ^^^^l 

What areas of the curricsulum other than science were you able to intro- 
duce ajid use "Inquiry" teaching? 

Health 2 Social Studies .4 Language Arts 6 Math 5 " , 

Spelling 1 History 2 English ^1 Writing 1 - 

Please write a summary 'reaction of your feelings relative to the contri— 
, butions (if any) that.UPSTEP made to your in-service teaching efforts? 

By teaching with the inquiry approach, I was able to baring in a wide 
* varietj^of activities I most li]3^1y would not" have tried. Though the 
children would periodically feel frustrated, they enjoyed these lessons 
above mciny others . , . ' * ' 

Since I did not teach science, I felt it was difficult to show my ability 
in inquiry teaching — I felt the UPSTEP project was much more valuable to 
me than the. figures on the printouts indicated. I do feel, though, that 
through this fifth year of UPSTEP,* I have (developed a basic creative > 
nature of teac±iing that will hopefvilly grow in years to come.. 

I think, I -was able to try the inquiry teaching because am^ free to 'try 
many things in school. Had i;, been in andther teaching situation in 
this school system, I may have only been allowed to teach traditionally. 

I -think that UPSTEP reinforced my faith in inqvp.ry teaching. The first 
year of teaching can be really rough and I appreciated the positive feed- 
back, the constructive criticism helped me key ii]i and try to dlmprove 
my problems . ^ 

This final year of the UPSTEP program was very helpful in getting up and 
keeping the interest of most students. I found the "inquiry" approach 
very stimiilating t^both myself and xv^ students. Many times we may find 
ourselves in a "slunip" as far as good lessons^are concerned and this ap— 
• proach (inquiry) along with weekly tapes kept me on my toes and contin- 
ually thinking of creative lessons, instead of going page by page through 
the science book. * . 

As a whorb the contributions made while we were teaching did not affect 
me as mucdi as those first foizr years wKere tiie whole idea of inquiry 
teaching was first shown to us. It was^ however, helpful. My situation 
was rather limiting; Perhaps if I had had an English speaking group, it 
--^""".d heave be^ more helpful still. 

ERIC • . -_i23 . _ . ^ 



There has been personal attention and information given iat all times. 
This 'has been excellent. Also there has been available equipment and ^ 
help on lesson planning. I have "fdlt very confident with m^ s:tudents 
-as feo^ as keeping a very open classroom with creativity and inquiry 
observed at most times. I feel that my background in the program has 
given me a feeling of confidence and a bett^ preparation for the 
. teaching of science' in my class. 

Because I knew my lessons were going to be taped and evaluated^ I was more 
aware of the kinds of questions I was asking my class. I also tried to 
think of inquiry lessons. The UPSTEP project has been. very helpful to 
me. I feel that I have a good .foiandation on which to build- upon in being 
a better teacher* I. find that there is^ so much to do and not enough time. 
I need to learn how to ,use every minute to its fullest. I believe for me 
the project was successful. I hope that the project wili continue. Thajik 
you for all the help you've given me./ - 

The UPSTEP program was one of the few classes, 'that prepared me for the real 
world- Becaiase it was a five year program, it was the most helpful. I 
didn't have to listen to theories of teaching- X got to^ try them out- 
The program changed my way of thinking in the fact that it doesn't teach 
. facts , facts / facts. It waists to know why, describe, 'and try your own. 
It gets the children involved- I am not as. uptight i^ I don't know every- 
thing there is to know about a subject. The children amd I ^investigate 
together and learn together and when we are learning togeth^i: then when I 
^ give the facts and you tell Idiem back to me- consider myself very lucky 
to have been in the program ^d I know I am a much "better teacher than if 
I had taken the other way of Reaching science classes at Purdue. ^ 

I feel I owe a great deal to UPSTEP- The philosophy of kids_Jjivoiv^ed with 
learning was not prescribed to by most of the other teachers and/^e^ 
looked at my areas as utter ch^aos at times ^ but" I trxily felt the chi 
learned scientific principles in* a fun and rewsurding way-- 

The UPSTEP program let me enjoy science atnd science teaching as well as the 
other\si3bjects in a different li^t- It helped me be freer with creativity 
and willingness to try-out ideas- It helped me to understand and appreci- 
ate the total development of the^child. It, also, he^ oed me in how to 
••think"' and ^o tea9h othejcs how to "think," along wLx^-i other skills. This 
was a very worthwhile and enjoyable experience'. I wish other teachers 
could have this opportunity I Thank you. 

I will always be grateful for the training and ^experience that UPSTEP gave 
me as^an-xmdergraduate. I think it initially gave me ^ adde<d measure of 

f confidence in the classroom - confidence which I badly needed this first 
year! The fifth year of UPSTEP has proven to me that inquiry teaching can 
be used- in the classroom; it is not just an impractical theory. This has 
not been an easy year for me, and if I had not been involved in UPSTEP, I 
might have been tempted to take the easy route, and teach evei^thing in 

—the traditional way. UPSTEP forced me to use inquiry and now that I have 
seen it work, I will continue to, use it. " ' ^ 
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